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emphasizing  the  need  to  match  delivery  systems  with  particular  dnjgs  and 
target  populations.  The  strategies  employed  to  minimize  systemic  expo- 
sure due  to  absorption  of  steroid  from  the  gastrointestinal  tract  include 
increasing  the  first  pass  metabolism  of  the  drug,  the  use  of  holding  cham- 
bers with  pressurized  metered  dose  inhalers,  and  reformulation  to  create 
smaller,  more  respirable,  particles.  However,  because  the  drugs  and 
devices  are  not  interchangeable,  comparisons  of  the  devices  based  on 
clinical  studies  will  be  confounded  by  differences  in  the  pharmacology 
and  pharmacokinetics  of  the  drugs.  In  addition  to  the  interaction  of  drugs 
and  devices,  the  needs  of  different  patient  populations  should  influence 
design  of  delivery  systems.  For  example,  patients  without  airflow 
obstruction  may  have  greater  sytemic  exposure  compared  to  those  with 
obstruction,  while  young  children  need  different  delivery  systems  from 
adults.  In  conclusion,  no  delivery  system  can  be  considered  to  be  intrinsi- 
cally superior  to  all  others.  The  delivery  system  should  be  judged  instead 
by  its  ability  to  optimize  the  pharmacokinetic  properties  of  the  drug,  most 
notably  oral  bioavailability,  and  by  its  suitability  for  the  target  subpopula- 
tion  of  asthmatics. 

An  Investigation  of  in  Vitro/in  Vivo  Correlations  for  Salbutamol 
Nebulized  by  Eight  Systems —  Silkstone  VL.  Hennis  JH.  Pieron  CA. 
Chrystyn  H.  J  Aerosol  Med  2()02;1.S|3):2.'S1-2.S9. 

The  choice  of  a  nebulized  system  lor  a  patient  usually  depends  on  the 
equipment  available.  To  date,  there  is  limited  guidance  on  the  selection 
and  use  of  a  nebulizer.  We  have  conducted  in  vitro  tests  described  within 


the  draft  European  Standard  for  Nebulisers  (BSEN13544-I;  CEN)  and 
correlated  these  to  in  vivo  pharmacokinetic  performance  of  relative  lung 
and  systemic  deposition  in  healthy  volunteers.  Eight  nebulizer  s\stems 
have  been  tested.  The  in  vitro  analysis  used  the  recommended  CEN  meth- 
ods to  quantify  the  total  dose  available  for  inhalation  as  well  as  the  size 
distribution  from  which  the  respirable  dose  was  determined.  The  draft 
European  Standard  methods  were  slightly  modified  to  use  salbutamol 
rather  than  a  fluoride  tracer.  For  the  in  vivo  study,  nine  volunteers  pro- 
vided urine  samples  after  30  min  and  then  pooled  for  24  h  after  the  start  of 
each  nebulized  dose  (2.5  mg  of  salbutamol ).  Amounts  of  salbutamol  and 
its  metabolite  excreted  in  the  urine  samples  were  determined.  There  was  a 
significant  (p  =  0.02)  correlation  between  the  in  vitro  respirable  dose  and 
the  amount  of  salbutamol  excreted  in  the  urine  30  min  after  the  start  of 
nebulization  (relati\e  bioavailability  of  salbutamol  to  the  lung  I.  Also, 
there  was  a  significant  (p  <  0.001 )  correlation  between  the  in  vitro  dose 
available  for  inhalation  and  the  total  amount  of  salbutamol  and  its 
metabolites  excreted  over  the  24  h  after  the  start  of  nebulization  (relative 
bioavailability  of  salbutamol  to  the  body).  The  results  demonstrate  that  in 
vivo/in  vitro  correlations  exist  and  warrant  further  investigations.  The  in 
\itro  methods  require  further  validation  with  in  vivo  correlations  using 
patients  with  different  severities  of  airway  obstruction. 

Inhalation  Delivery  of  Anticancer  .Agents  via  HF.\-Based  Metered 
Dose  Inhaler  Using  Methotrexate  as  a  Model  Drug — Shaik  MS. 
Haynes  A.  McSwecn  J.  Ikediobi  O,  Kanikkannan  N,  Singh  M,  J  Aerosol 
Med2002;l5(3):261-270, 

In  the  present  stud\,  the  feasibility  of  delivering  anticancer  drugs  via 
metered  dose  inhaler  (MDII  was  demonstrated  using  methotrexate 
(MTX)  as  a  model  anticancer  drug.  MDl  formulations  of  MTX  were 
prepared  using  hydrofluoroalkanc-134a  containing  0.67'7f  MTX  and 
lO'r  ethyl  alcohol.  The  particle  size  of  MTX  was  reduced  by  cryo 
milling  with  or  without  a  surfactant  (Pluronic  F77)  and  the  milled  drug 
was  employed  for  MDl  formulations,  which  were  subsequently  evalu- 
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ated  for  their  niedicalion  delivery,  mass  median  aerodynamic  dianieler 
(MMAD)  and  geometric  standard  deviation  (GSD).  Funher.  the  effi- 
cacy of  aerosolized  MTX  was  evaluated  by  determining  the  in-vitro 
cytotoxicity  of  MTX  against  HL-60  cells  using  a  six-stage  viable 
impactor  and  the  induction  of  apoptosis  in  HL-60  cells  by  acridine 
orange  staining.  Our  results  indicate  thai  MTX  aerosols  having  an 
MMAD  varying  between  :^.2  and  3.2  |im  iGSD  2.6-3.7)  with  a  res- 
pirable  fraction  varying  between  14.2  and  17.1'r  could  be  obtained  by 
using  MTX.  which  was  cryo  milled  either  alone  or  in  combination  with 
Pluronic  H77.  Exposure  of  HI. -6(1  cells  plated  in  third,  fourth,  fifth,  and 
sixth  stages  of  viable  impactor  to  two  actuations  of  MDI  showed  a  cell 
kill  of  greater  than  50%.  Further,  aerosolized  MTX  was  found  to  induce 
apoptosis  in  HL-60  cells,  as  assessed  by  the  morphological  examination 
of  the  cells  with  fluorescent  and  confocal  microscopy.  Our  results 
demonstrate  that  it  is  possible  to  deliver  cytotoxic  concentrations  of 
MTX  in  an  in  vitro  system  simulating  the  lower  respiratory  tract  (by 
using  a  six-stage  viable  impactor)  via  MDI  and  the  cytotoxicity  of  the 
aerosolized  MTX  could  be  further  improved  by  the  optimization  of  the 
aerodynamic  size. 

Improving  Drug  Deliver)  from  Medical  Nebulizers:  The  Erfects  of 
Increased  Nebulizer  Flow  Rates  and  Reservoirs —  Corcoran  TE. 
Dauber  JH.  Chigier  N,  lacono  AT.  J  Aerosol  Med  2002;15(3):27 1-282. 

Drug  delivery  from  jet  nebulizers  can  be  considered  in  terms  of  the  dose 
inhaled  and  the  respirability  of  that  dose.  It  is  proposed  that  dose  res- 
pirability  and  dose  per  breath  can  be  controlled  through  specification  of 
the  driving  gas  tlowrale,  and  that  the  dose  inhaled  per  breath  can  also  be 
increased  through  the  use  of  nebulizer  reservoirs.  When  a  Hudson 
Micromisi  nebulizer  was  used  and  assessments  of  respirability  w  ere  made 
utilizing  phase  Doppler  interferometry,  it  was  noted  that  the  portion  of  the 
spray  mass  in  droplet  sizes  of  <  5  jim  (general  respirability)  and  in  droplet 
sizes  of  <  3  (im  (deep  lung  respirability)  increased  linearly  with  gas 
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Abstracts 


tlowrali.-  tiir  hmh  lank  an  and  heliuin-iix>  j!en  (70/30).  Drui;  mass  in  ihc  2- 
6  pm  ranj;c  (tracheohronchial  icspirabilily )  peaked  at  air  nowrales  of  S- 
10  l./niin  and  decreased  slightly  lor  higher  tlovvrates.  Two  portable 
compressors  provided  respirahilities  similar  to  lank  air  at  the  satiie 
flowrates.  Changing  the  nebiili/er  tlowrate  did  not  alfect  the  ratio  ol'  the 
inhaled  dose  to  the  dose  expelled  by  exhalation  when  a  typical  breath- 
ing pattern  was  simulated.  A  version  of  the  Micromist  with  an  attached 
reservoir  (the  Hudson  AeroTee)  provided  a  higher  dose  per  breath  lo  the 
patient  and  a  higher  total  dose  for  the  same  treatment  time  by  conser\ 
ing  the  aerosol  generated  during  exhalation.  The  inhaled  dose  increased 
approximately  28'f  when  compared  to  a  standard  Micromist.  despite 
significant  deposition  in  the  reservoir  bag.  Nebuli/er  reservoirs  could 
be  used  to  attain  higher  doses  or  to  more  efficiently  utilize  expensive 
medications. 

Miiiiuluri/ed  Nebulization  Catheters:  A  New  Approach  for  Delivery 
of  Denned  Aerosol  Doses  to  the  Rat  Lung — Tionde  A.  Baran  G. 
Eirefelt  S,  l.ennernas  H.  Bengtsson  UH.  J  Aerosol  Med  :()02;15(3):283- 
296. 

.•\  nehuli/alion  catheter  technique  (AeroProbe'^'l  was  adapted  and 
evaluated  as  a  new  approach  for  pulmonary  delivery  of  defined  aerosol 
doses  to  the  rat  lung.  The  lung  distribution  profile  was  evaluated  by 
dosing  Evans  blue  and  Nile  blue  dye.  respectively,  to  isolated  and  per- 
fused rat  lungs  (IPL)  and  to  the  lungs  of  anesthetized  and  tracheal-intu- 
bated rats.  The  intratracheal  aerosol  dosing  was  synchronized  uith  the 
inspiration  of  the  lungs.  Immediately  after  dosing,  the  lungs  were  dis- 
sected into  upper-  and  lower  trachea,  bronchi,  and  parenchyma.  The 
dye  was  then  extracted  from  the  tissue  samples  to  determine  the 
regional  distribution  and  the  recovery  of  the  aerosol  dose  in  the  lungs. 
The  droplet-size  distribution  and  the  weight  of  the  delivered  aerosol 
dose  were  analyzed  with  laser  diffraction  and  gravimetric  analysis 
respectively.  The  recovery  of  the  delivered  dose  was  high.  99  ±  12  and 
105  ±  \'T-.  respectively,  in  the  in  vivo  administrations  and  IPL-experi- 
nienls.  The  lung  distribution  profile  after  aerosol  dosing  to  anes- 
thetized rats  was  mainly  tracheobronchial.  Only  12  ±  49c  of  the  dose 
was  recovered  in  the  lung  parenchyma.  However,  after  aerosol  dosing 
to  the  IPL.  38  ±  11%  of  the  dose  was  distributed  to  the  lung 
parenchyma.  At  the  settings  used,  the  nebulization  catheter  aerosolized 
1-2  |iL  of  liquid  per  puff  using  1-1. .5  mL  of  air.  The  droplet-size  distri- 
bution of  the  generated  aerosols  was  broad  (2-89t  <3  (im;  10'7f  <4-7 
^m;  50%  <I0-I5  nm:  and  90%  <20-40  \im).  The  nebulization  catheter 
technique  provides  a  complement  to  existing  methodology  for  pul- 
monary drug  delivery  in  small  animals.  With  this  new  technique, 
defined  aerosol  doses  can  be  delivered  into  the  Unigs  of  rats  with  no 
need  lor  aerosol  dosimetry. 

In  Vitro  Testing  of  Two  Formoterol  Dry  Powder  Inhalers  at  Differ- 
ent Flow  Rales — Weulhen  T.  Roeder  S.  Brand  P.  Mtillinger  B.  .Scheuch 
G.  J  Aerosol  Med  2002;15(3):297-.^03. 

The  efficiency  of  two  different  dry  powder  inhaler  systems  for  the  appli- 
cation of  the  Pi-sympalhomimetic  drug  Formoterol  in  the  lungs  has  been 
tested  in  vitro.  Particle  size  distributions  for  each  device  have  been  mea- 
sured at  four  different  flow  rates  (28.3.  40.  60,  and  80  L/min)  using  an 
Andersen- 1 mpactor.  Mass  median  aerodynamic  diameters  (MMAD)  ol 
the  dispersed  powder  and  deposition  of  the  drug  in  the  respiratory  tract 
was  determined  using  a  semiempirical  lung  deposition  model.  The  opti- 
mum output  lor  both  de\  ices  determined  by  in  vitro  measurements  is  sup- 
posed to  be  achieved  with  flow  rates  of  40-60  L/min.  The  Oxis  Tur- 
buhaler  delivers  the  smaller  particles  as  the  Foradil  P  Aeroli/.er  and.  thus, 
the  Formoterol  deeper  into  the  lungs,  but  the  high  specific  airflow  resis- 
tance will  influence  the  ability  of  patients  with  severe  asthma  and  chil- 
dren to  use  the  system. 


Changes  in  Lung  Deposition  of  Aerosols  due  lo  Hygro.scopie  (irouth: 
A  Fast  SI'KCT  Study— Chan  H-K.  Eberl  ,S,  Daviskas  E.  Constable  C. 
Young  I,  J  .'\erosol  Med  2()()2:15(3l:307-31  1. 

Our  objective  was  to  use  rapid  dynamic  SPECT  lo  study  the  elfect  of 
hygroscopic  growth  on  aerosol  deposition  in  the  lung.  Six  healthy  volun- 
teers inhaled  radiolabeled  ('""Tc-DTPA)  saline  aerosols  of  two  different 
droplet  sizes  (MMAD  Small  3.2  ±  0.2  and  Large  6.5  ±  0.2  nm.  span  1.8 
and  1 .7.  respectively)  and  tonicities  (normal  saline.  NS,  0.99c  and  hyper- 
tonic saline  'HS'  7.0%  NaCl)  reproducibly  on  4  occasions.  Simultaneous 
emission-transmission  scanning  with  a  triple  detector  gamma  camera  was 
used  to  collect  the  lung  images.  Regional  lung  deposition  was  quantified 
by  the  penetration  index  or  PI.  The  results  revealed  significant  differences 
of  aerosol  deposition  in  the  lung,  which  follows  precisely  the  expectation 
from  particle  size  and  hygroscopicity.  The  difference  in  the  PI  values 
between  the  aerosols  increases  in  the  order  of:  Large  NS-Large  HS  < 
Small  NS-Small  HS  <  Small  HS-Large  NS  <  Small  HS-Large  HS  <  Small 
NS-Large  NS  <  Small  NS-Large  HS. 

I'se  of  Aerosols  for  Bronchial  Provocation  Testing  in  the  Laboratory: 
Where  We  Have  Been  and  Where  We  .\re  (ioing —  .Anderson  SD. 
Biannan  Jl),  Chan  H-K.  J  Aerosol  Med  2()02;15(3):3l3-324. 

Bronchial  provocation  testing  with  pharmacological  agents  that  act 
directly  on  airway  smooth  muscle  has  important  limitations.  These 
include  the  inability  to  identify  exercise-induced  asthma  (EIA).  to  differ- 
entiate the  airway  hyperresponsiveness  (AHR)  of  airway  remodelling 
from  the  AHR  of  active  infiammation  and  to  differentiate  between  doses 
of  steroids.  Recent  studies  show  that  tests  that  act  indirectly  to  narrow  air- 
ways are  more  sensitive  than  pharmacological  agents  for  identifying  air- 
way inflammation  and  response  to  treatment.  .Adenosine  monophosphate 
(AMP)  is  an  indirect  challenge  that  acts  on  mast  cells  to  cause  release  of 
mediators.  Hypertonic  saline  is  another  and.  since  its  development  in  the 
19S0s,  has  become  widely  used  in  Australia.  Hypertonic  (4.5%)  saline  is 
used  to  identify  those  with  active  asthma,  those  with  EIA  and  those  who 
w  ish  to  enter  certain  occupations  or  sports  (eg.  diving).  The  recent  devel- 
opment, again  in  .Australia,  of  a  test  (hat  uses  dry  powder  mannitol  has 
promise  for  use  in  the  laboratory ,  the  office,  or  for  testing  in  the  field. 
AHR  to  mannitol  identifies  people  with  EIA  and  is  an  estimate  of  its 
severity.  The  mannitol  response  is  modified  by  drugs  used  to  prevent 
EIA.  iiTiplying  that  similar  mediators  are  involved.  A  mannitol  test  can  be 
used  to  monitor  response  to  steroids  and  is  more  sensitive  than  histamine 
for  identifying  persistent  airway  hyperresponsiveness  in  asthmatics  well 
controlled  on  steroids.  These  findings  suggest  that  indirect  challenges 
give  more  useful  clinical  information  about  currently  active  asthma  and 
the  response  to  treatment  than  direct  challenge  and  they  will  become 
more  w  idely  used. 

The  Role  of  Particle  Properties  in  Pharmaceutical  Powder  Inhalation 
Formulations— Chew  N^  K..  Chan  H-K.  J  Aerosol  Med  2l)()2;l.^i3i:325- 
3.30. 

Pharmaceutical  aerosol  delivery  is  undergoing  dramatic  changes  in  both 
inhaler  dev  ice  and  lormulation  aspects.  There  is  a  rapid  move  from  the 
traditional  propellant-drivcn  metered  dose  inhalers  to  the  high  perfor- 
mance liquid  atomizers  and  dry  powder  inhalers  (DPIsl.  DPls  involving 
the  dispersion  of  powders  into  aerosols  by  an  inhaler  dev  ice  are  particu- 
larly attractive  as  dry  powders  generally  have  greater  chemical  stability 
than  liquids  used  in  atomizers.  Delivery  of  therapeutic  proteins  as  dry 
powder  aerosols  is  of  high  coninicrical  interest.  However,  production  and 
formulation  of  dry  powders  for  inhalation  can  be  difficult  and  challenging 
due  to  the  potential  physical  instability  of  the  powder.  Dry  powders  con- 
sisting of  micro-  or  nano-sized  particles  are  inherently  adhesive  and  cohe- 
sive,  leading  to  highly  variable  dose  accuracy  and  poor  aerosol  perfor- 
mance. Particle  engineering  via  the  use  of  appropriate  pharmaceutical 
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excipienls  and  picicessing  parameters  can  produce  particles  of  optiitial 
inorphologies  and  surface  properties  « hich  would  enhance  aerosol  gener- 
ation. Some  of  the  key  determinants  for  successful  dispersion  of  pharma- 
ceutical powders  suitable  for  inhalation  are  re\  iewed  w  ith  an  emphasis  on 
the  practical  significance. 

Osmotic  Stimuli  Increase  Clearance  of  Mucus  in  Patients  with 
.Mucociliarj  Dysfunction  —Da\iskas  E,  Robinson  M.  Anderson  SD. 
Bye  PTP,  J  .Aerosol  Med  21)()2;I5(3):33I-34I. 

Mucociliary  dysfunction  results  in  mucus  accumulation,  airway  obstruc- 
tion, bacterial  colonization,  recurrent  infective  exacerbations,  and  an 
increase  in  morbidity  and  mortality.  Studies  in  patients  with  cystic  fibro- 
sis, established  that  inhalation  of  hypertonic  saline  (HS)  increases  clear- 
ance of  mucus  acutely  in  a  dose-dependent  manner.  Clearance  over  90 
min  was  23.8  ±  4.09r  and  26.0  ±  3.19c  in  response  to  7%  and  1 2%  saline. 
which  was  significantly  enhanced  compared  to  12.7  ±  1.4%  and  19.7  ± 
3. 1  'J  in  response  to  0.9'7r  and  39c  saline.  Mannitol  ( -300  mg )  inhaled  as  a 
dry  powder  had  a  marked  acute  effect  in  patients  with  bronchiectasis. 
Clearance  over  75  min  was  34.0  ±  5.09c  with  mannitol.  17.4  ±  3.S9c  with 
control,  and  11.7  ±  4.4'<  at  baseline.  Further  studies  in  patients  with 
bronchiectasis  showed  that  mannitol  reduces  the  24-h  retention  of  radio- 
labeled mucus,  suggesting  that  the  effect  of  mannitol  extends  beyond  the 
acute  phase.  Mannitol  helped  patients  to  clear  mucus  within  2  h  that 
would  have  taken  24  h  to  clear  without  mannitol.  A  further  study  in  CF 
patients  showed  that  mannitol  was  equally  effective  as  69c  HS  at  improv- 
ing ciliary  and  cough  clearance.  The  total  clearance  over  120  min  with 
mannitol  (27.6  ±  3.19c)  and  with  HS  (31.0  ±  5.59c)  was  significantly 
increased  compared  to  their  respective  controls  ( 18.6  ±  3.S'7f  and  20.9  ± 
3.6'7f).  These  preliminary  results  suggest  that  long-term  treatment  with 
HS  or  mannitol  may  benefit  patients  with  mucociliary  dysfunction. 

Aerosolization  of  Protein  Solutions  Using  Thermal  Inkjet  Technol- 
ogy— Goodall  S.  Chew  N.  Chan  K,  Aiiriac  D.  Waters  MJ.  J  Aerosol  Med 
20O2;1.1(3):351-3.'i7. 

Vapotronics  Inc.  is  developing  the  thermal  inkjet  (TlJl  technology  used 
extensively  in  the  printer  industry  to  create  a  digital  aerosol  inhaler  for 
the  inhalation  of  therapeutics  for  local  and  systemic  delivery.  The  opera- 
tion of  thermal  inkjet  printers  requires  generation  of  high  teinperatures 
and  vaporization  of  the  liquid  formulation  to  effect  droplet  ejection.  A 
study  was  conducted  to  develop  formulations  that  would  permit  the  gen- 
eration of  aerosols  of  therapeutic  proteins  without  damage  to  the  inkjet 
systetn  or  degradation  of  the  proteins.  Two  proteins,  human  growth  hor- 
mone and  insulin,  were  formulated  and  aerosolized.  The  aerosol  was  col- 
lected and  subjected  to  assays  to  compare  the  physicochemical  and  bio- 
logical activities  of  these  proteins  before  and  after  aerosolization.  In  each 
case,  there  was  no  significant  changes  to  the  proteins  as  a  result  of  the 
aerosolization,  providing  evidence  that  TIJ  can  be  used  for  aerosolizing 
solutions  of  protein  therapeutics. 

Aerosols  in  Bronchiolitis — Barry  P.  J  Aerosol  Med  2002  Sum- 
mer:l.S(2):l()9-l  16. 

Bronchiolitis  is  a  common  illness  of  the  lower  respiratory  tract  affecting 
infants  that  has  considerable  short  and  long-term  morbidity  and  occasional 
mortality.  It  is  the  commonest  cause  of  hospitalization  tor  respiratory 
infection  in  early  childhood,  and  the  seasonal  nature  of  the  illness  places 
considerable  strain  on  health  care  resources  during  the  bronchiolitis  sea- 
son. The  youngest  infants  and  those  with  preexisting  cardiorespiratory  dis- 
ease are  particularly  at  risk  of  severe  illness.  The  treatment  of  infants  with 
bronchiolitis  is  largely  supportive.  There  are  no  therapies  that  have  been 
proven  to  reduce  the  length  of  the  hospitalization  or  intensive  care  stay. 
This  paper  will  review  the  clinical  course  of  bronchiolitis  and  discuss  the 
aerosolized  therapies  that  have  been  proposed  for  its  treatment. 


Aerosolized  Vasodilators  in  Pulmonary  Hypertension — Gessler  T. 
Schmehl  T.  Olschewski  H.  Grimminger  F,  Seeger  W.  J  Aerosol  Med 

2(J02  Summer;  1 5(2);  11 7- 122. 

Pulmonary  hypertension  is  a  life-threatening  disease  characterized  by  an 
increase  in  artery  pressure  and  vascular  resistance  in  the  pulmonary  circu- 
lation. A  primary  form  of  pulmonary  hypertension  w  ith  unknow  n  causes 
is  to  be  distinguished  from  the  far  more  frequent  secondary  forms  based 
on  known  pulmonary  and  extrapulmonary  disorders.  An  imbalance  in  the 
synthesis  of  \asoconstrictive  and  vasodilative  agents  seems  to  play  an 
important  role  in  the  etiology  of  pulmonary  hypertension.  This  patho- 
physiological background  offers  the  possibility  to  develop  treatment 
strategies,  including  application  of  vasodilative  drugs.  The  intravenous 
administration  of  vasodilative  agents,  however,  lacks  pulmonary  selectiv- 
ity leading  to  systemic  side  effects.  Therefore,  the  application  of  aerosol 
techniques  for  alveolar  deposition  of  vasodilatory  drugs  was  proposed 
and  several  studies  with  inhaled  iloprost,  a  stable  prostacyclin  analogue, 
demonstrated  preferential  vasorelaxation  in  the  pulmonary  circulation, 
with  the  maximum  pulmonary  vasodilatory  potency  cortesponding  to  that 
of  intravenous  prostacyclin.  Clinical  experiences  with  long-term  inhaled 
iloprost  are  available  show  ing  sustained  effects  on  exercise  capacity  and 
pulmonary  hemodynamics  in  patients  with  pulmonary  hypertension.  Due 
to  the  necessary  frequent  inhalations  (up  to  12  times  a  day)  and  the 
potency  of  the  prostaglandins,  the  choice  of  the  nebulizer  is  critical, 
requiring  physical  characterization  and  device  comparison  studies  under 
the  right  heart-catheter  conditions.  The  concept  of  aerosolized  vasodila- 
tors is  meanvshile  well  established  and  offers  a  promising  perspective  in 
the  treatment  of  pulmonary  hy  pertension. 

.Airway  Hyperresponsiveness:  Using  Bronchial  Challenge  Tests  in 
Research  and  Management  of  .Asthma — Sterk  PJ.  J  .Aerosol  Med  2002 
Summer;  15(2);  123- 129. 

Bronchal  challenge  tests  have  been  standardized  in  detail  during  the  past 
two  decades.  They  are  providing  relevant  pathophysiological  and  clinical 
information  about  patients  with  asthma  or  chronic  obstructiv  e  pulmonary 
disease  (COPD),  by  allowing  the  measurement  of  the  degree  of  airway 
hyperresponsiveness.  which  includes  an  increased  sensitivity  as  well  as 
increased  maximal  response  to  bronchoconstrictor  stimuli.  There  are  var- 
ious types  of  challenges,  to  which  the  responses  are  not  interchangeable. 
Responses  to  so-called  "indirect"  challenges  are  largely  dependent  on  the 
state  of  activation  of  inflammatory  or  resident  cells  within  the  airways, 
and  the  state  of  activation  can  vary  rapidly,  either  spontaneously  or 
through  intervention.  Responses  to  "direct"  challenges  are  dependent  on 
less  variable,  rather  chronic  features  of  airways  intlammation  or  remodel- 
ing. Bronchoprov  ocation  tests  pro\  ide  integrated  inlormation  about  mul- 
tiple pathophysiological  pathways  within  the  airway.  This  is  in  contrast  to 
the  measurements  of  cells,  mediators,  or  cytokines  in  biological  fluids, 
which  provide  only  very  specific  information  on  selected  intlaminalory 
pathways.  It  has  recently  been  shown  that  the  outcome  of  asthma  can  sub- 
stantially be  improved  when  long-term  treatment  is  not  only  guided  by 
symptoms  and  lung  function,  but  also  by  the  degree  of  airway  hyperre- 
sponsiveness to  direct  stimuli.  Taken  together,  current  data  warrant  a 
broader  usage  of  bronchoproviicatioii  tests  in  the  research  as  well  as  clin- 
ical management  of  asthma  and  COPD.  In  asthma,  it  allows  selective, 
individually  targeted  therapy  of  the  patient  as  (ipposed  to  the  curtently 
recommended  regimens  that  are  (increasingly!  unselective  in  their 
approach.  The  potential  benefits  of  monitoring  other  phenotypic  disease 
markers  is  currently  under  investigation. 

Drug  .Absorption  hy  the  Respiratory  Mucosa:  Cell  Culture  Models 

and  Particulate  Drug  Carriers — Fhrh.irdt  C.  Fiegel  J,  Fuchs  S,  .Abu- 
Dahab  R.  Schacfer  UP.  Hanes  J.  Lehr  CM.  J  Aerosol  Med  2(K)2  Sum- 
mer; 15(2);  13 1-L39. 
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Abstracts 


TIk-  inhalalion  roule  is  ol  iiKrcasing  inkMcsI  Icir  holh  Icical  and  systemic 
druy  cJeli\cr>.  incluiJing  niacrimuilccular  biiipharniaceulicals.  such  as 
peptides,  proteins,  and  i;ene  therapeutics.  In  addition  to  appropriate 
aerosoH/ution  for  deposition  in  relevant  areas  ol  the  respiratory  tract, 
therapeutic  molecules  may  require  an  advanced  carrier  system  for  sate 
and  efficient  delivery  to  their  target.  Two  approaches  lo  obtain  novel  car- 
rier systems  for  pulmonary  drug  delivery  are  large  porous  microparticles 
with  a  low  aerodynamic  diameter  and  lectin-functionalized  liposomes. 
Epithelial  cells  of  alveolar  or  bronchial  origin,  obtained  either  from 
patient  material  or  from  established  cell  lines,  can  be  grown  on  permeable 
filter  supports,  resulting  in  polari/ed  monolayers  with  functional  intercel- 
lular junctions.  With  such  in  \  itro  models,  transport  of  drugs  into  pul- 
monary epithelial  cells  and/or  across  the  air-blood  barrier,  as  well  as  the 
effect  and  efficacy  of  novel  drug  carrier  systems  can  be  systematically 
studied. 

Targeting  Delivery  of  Aerosols  to  Different  Lung  Regions — Bennett 
WD.  Brown  JS.  Zeman  KL,  Hu  SC.  Scheuch  G.  .Sommerer  K.  J  Aerosol 
Med  2002  Summer:l5(2):179-188. 

With  the  increasing  use  of  aerosolized  drugs,  there  is  a  need  to  understand 
the  means  by  which  these  drugs  can  most  effectively  be  targeted  to  desired 
regions  of  the  lung.  Several  attempts  have  been  made  at  targeting  aerosols 
in  the  lung  by  changing  particle  sizes  and  breathing  patterns  with  varying 
degrees  of  success.  Recent  use  of  such  techniques  as  shallow,  aerosol 
bolus  delivery  and  extremely  slow  inhalations  of  aerosols  in  diagnostic 
lung  tests  may  also  prove  beneficial  for  targeting  drug  delivery  to  the  con- 
ducting airways.  This  review  discusses  the  potential  for  utilizing  aerosol 
delivery  techniques  for  selectively  targeting  aerosol  deposition  along  both 
serial  and  parallel  pathways  in  the  lung.  Based  on  a  review  of  previous 
.studies  concerning  factors  that  determine  aerosol  and  gas  distribution  in 
the  lung,  the  potential  for  utilizing  various  breathing  techniques  in  concert 
with  variations  in  particle  sizes  are  considered.  Further  research  on  the  fac- 
tors that  determine  distribution  of  aerosol  in  the  diseased  lung  may  help  in 
designing  successful  targeting  strategies  for  the  future. 

The  Pulmonary  Toxicology  of  Ultraflne  Particles — Donaldson  K. 
Broun  D.  Clouter  A.  Duffin  R.  MacNee  W.  Renuick  L.  Tran  L.  Stone  V. 
J  Aerosol  Med  2002  Summer;l5(2):2l-^-220. 


conducted  by  live  different  groups,  three  using  adenoviral  vectors  and 
two  using  cationic  liposomes  carrying  the  coding  sequence  for  the  Cystic 
Fibrosis  Transmembrane  Conductance  Regulator  iCFTRl.  These  trials 
revealed  that  gene  transfer  from  the  lumen  to  the  respiratory  epithelium 
can  currently  be  achieved  in  vivo,  but  only  with  Urn  elficicncy  and  for 
limited  duration.  Some  of  the  many  hurdles  on  the  way  to  successful  gene 
therapy  for  this  disease  will  be  discussed  in  this  review.  Innovative  strate- 
gies need  to  he  developed  to  reach  this  tantalizing  goal. 

Evaluation  of  Young  Children  in  Contact  with  Adult  Multidrug- 
Resistant  Pulmonary  Tuberculosis:  A  30-Month  Follow -Up — Schaaf 
HS.  Gie  RP.  Kennedy  M.  Beyers  N.  Hesseling  PB.  Donald  PR.  Pediatrics 
2002  May;IOy(5):76.«i-771. 

SETTING:  The  Western  Cape  Province  of  South  Africa,  an  area  with  a 
high  tuberculosis  (TB)  incidence,  where  initial  multidrug  resistance 
(MDR)  among  adult  TB  cases  was  1.1%  during  1992-1993.  OBJEC- 
TIVE: To  determine  the  long-term  prevalence  of  TB  infection  and  dis- 
ease in  children  in  household  contact  with  adults  with  MDR  pulmonary 
TB,  and  to  establish  the  efficacy  of  chemoprophylaxis  in  preventing  dis- 
ease in  these  children.  METHOD:  Children  <5  years  old  in  contact  w  ith 
7.3  MDR  TB  adults  were  evaluated.  Disease  was  treated  by  prescribing  at 
least  2  drugs  to  which  the  adult's  strain  was  susceptible.  The  remaining 
children  were  classified  as  infected  or  noninfected  and  received  chemo- 
prophylaxis according  to  the  index's  strain  susceptibility  or  were  fol- 
lowed up  and  treated  when  indicated.  All  were  followed  up  for  30 
months.  RESULTS;  At  the  initial  evaluation  125  children  were  seen, 
median  age  27.5  months.  Of  these.  119  were  followed  up.  Fourteen 
( 1 2%)  had  disease.  61  (5l'/f )  were  infected  only,  and -t4  (379!^)  were  non- 
infected.  By  30-month  follow-up.  29  (24%  1  had  developed  disease  and  64 
(54%)  were  infected  only.  Four  adult-child  pair  Mycohucteriwn  lubcrcii- 
losis  isolates  were  compared  by  DNA  fingerprinting;  3  were  identical. 
All  children  who  developed  TB  disease  were  clinically  cured.  Two  (5%) 
of  41  children  who  received  appropriate  chemoprophylaxis  and  13  (20%) 
of  64  who  did  not,  developed  TB  during  follow-up  (odds  ratio:  4.97). 
CONCLUSION:  The  study  confirms  MDR  TB  u-ansinission  to  childhood 
contacts.  Seventy-eight  percent  of  children  were  infected  or  developed 
disease.  Appropriate  chemoprophylaxis  may  pre\ent  disease  in  these 
children. 


Ultrafine  particles  are  a  component  of  air  pollution,  derived  from  primary 
combustion  sources,  and  so  we  have  undertaken  a  programme  of  study  on 
the  mechanisitis  of  lung  injury  caused  by  ultrafine  particles.  Ultrafine 
particles  made  of  low-solubility,  low-toxicity  materials  are  more  inflam- 
mogenic  in  the  rat  lung  than  fine  respirable,  particles  made  from  the  same 
material.  Ultrafine  particles  can  cause  inflammation  via  processes  inde- 
pendent of  the  release  of  transition  metals,  as  shown  by  the  fact  that  solu- 
ble products  from  ultrafine  carbon  black  have  no  ability  to  cause  inflam- 
mation. The  property  that  drives  the  greater  inflammogenicity  of 
ultraflnes  is  unknown  but  very  likely  relates  to  particle  surface  area  and 
involves  oxidative  stress.  Increases  in  intracellular  Ca(-n-)  may  underlie 
the  cellular  effects  of  ultrafmes,  although  the  mechanism  whereby  ultra- 
fines  have  this  effect  is  not  understood.  However,  increased  influx  of 
Ca(-t-i-)  into  macrophages  occurs  via  the  membrane  Ca(-i-+)  channels  fol- 
lowing contact  with  ultrafine  particles,  and  involves  oxidative  stress. 
Increased  Ca(+-l-)  in  macrophages  exposed  to  ultraflnes  can  lead  to  the 
transcription  of  key  pro-inflammatory  genes  such  as  TNFalpha.  Ultraflne 
particles  can  also  impair  the  ability  of  macrophages  to  phagocytose  and 
clear  other  particles,  and  this  may  he  pro-inflammogenic. 

Gene  Therapy  for  Cystic  Fibrosis  by  .Means  of  .\crosol — Rochat  T. 
Morris  MA.  J  Aerosol  Med  2002  Summer;  15(2 1:229-235. 

Gene  therapy  by  aero.sol  is  an  attractive  approach  for  the  tieainient  of  cys- 
tic fibrosis  (CF).  Clinical  trials  with  aerosols  in  CF  patients  base  been 


Efficacy  and  Safety  of  Tolazoline  for  Treatment  of  Severe  Hypox- 
emia in  Extremely  Preterm  Infants — Nuntnarumit  P.  Korones  SB. 
Yang  W.  Bada  HS.  Pediatrics  2002  May;IOy(5):S52-S56. 

OBJFCTI'VE:  To  determine  the  efficacy  of  tola/oline  as  a  rescue  treat- 
incni  for  hypoxemia  in  preterm  infants  with  respiratory  distress  syn- 
drome. METHODS:  Retrospective  chart  review  on  case  series  of  infants 
weighing  <  750  g  at  birth  who  received  tola/oline  during  a  severe  hypox- 
emic episode  while  receiving  maximal  ventilauir  support  for  respiratory 
distress  syndrome.  A  slow  bolus  infusion  of  low  dose  tolazoline  (0.5  mg- 
2  mg/kg)  mixed  with  plasmanate  or  normal  saline  ( 10  niL/kg)  was  admin- 
istered. Outcome  measures  evaluated  included  an  increase  in  Pjo,  220 
mm  Hg  from  pretreatment  value  and  an  increase  in  oxygen  saturation  to 
>90%.  RESULTS:  Forty-three  infants  with  a  mean  gestational  age  and 
birth  weight  of  24  weeks  and  581  g,  respectively,  received  tolazoline.  All 
infants  were  mechanically  ventilated  and  required  a  fraction  of  inspired 
oxygen  of  1.0.  Oxygenation  improved  in  72'/<  (31/43)  of  infants  with  a 
tolazoline  dose  of  0.5  to  1.0  mg/kg.  Of  those  who  responded,  Pjo,  values 
(mean  ±  standard  deviation)  prctola/oline  and  posttola/oline  were  32  ± 
7.5  mm  Hg  and  156  ±  I  14.9  mm  Hg.  respectively.  In  all  responders.  oxy- 
gen saturation  increased  lo  >  90%  within  30  minutes  of  tolazoline  admin- 
istration. Improvement  in  pH,  Pcc):-  oxygenation  index,  and  mean  airway 
pressure  was  also  noted.  Among  nonresponders,  pH  decreased  and 
Pcoiincreased  after  tolazoline.  Minimal  change  in  blood  pressure  was 
noted  in  both  responders  and  nonresponders.  Heart  rate  decreased  by  19 
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heals  per  niiriulc  among  iionicspon(.li:rs  Lompaivd  with  an  increase  ol  3 
beats  per  minule  in  those  who  responded  to  tola/oline.  CONCLUSION: 
Tolazoline  is  an  effective  treatment  of  severe  resistant  hypoxemia  in 
preterm  infants  who  are  already  on  vigorous  venlikilory  siippon. 

Kacial/Kthnic  Variation  In  Asthma  Status  And  Managenienl  Prac- 
tices Amonf;  Children  In  Managed  Medicaid — Lieu  TA.  Lo/ano  P. 
Finlselsiein  J  A.  Chi  l\V,  .Icnsvojd  NCI.  Capia  AM,  ct  al.  Pediatrics  2002 
May;l(W(5):S57-S(iS. 

OBJECTIVE;  Racial/ethnic  disparities  in  hospitalisation  rates  among 
children  with  asthma  have  been  documented  but  are  not  well-understood. 
Medicaid  programs,  which  serve  many  minority  children,  have  markedly 
increased  their  use  of  managed  care  in  recent  years.  It  is  unknown 
whether  racial/ethnic  disparities  in  health  care  use  or  other  processes  of 
care  exist  in  managed  Medicaid  populations.  This  study  of  Medicaid- 
insured  children  with  asthma  in  ."i  managed  care  organizations  aimed  to  1 ) 
compare  parent-reported  health  status  and  asthma  care  processes  among 
black.  Latino,  and  while  children  and  2)  test  the  hypothesis  that 
racial/ethnic  variations  in  processes  of  asthma  care  exist  after  adjusting 
for  socioeconomic  status  and  asthma  status.  METHODS:  This  cross-sec- 
tional study  collected  data  via  telephone  interviews  with  parents  and 
computerized  records  for  Medicaid-insured  children  with  asthma  in  .'i 
managed  care  organizations  in  California.  Washington,  and  Mas- 
sachusetts. The  American  Academy  of  Pediatrics  (AAP)  Children's 
Health  Survey  for  Asthma  was  used  to  measure  parent-reported  asthma 
status.  We  used  multivariate  models  to  evaluate  associations  between 
race/ethnicity  and  asthma  status  while  controlling  for  other  sociodemo- 
graphic  variables.  We  evaluated  racial/ethnic  variations  in  selected  pro- 
cesses of  asthma  care  while  controlling  for  other  demographic  variables 
and  asthma  status.  RESULTS:  The  response  rate  was  639^.  Of  the  1658 
children  in  the  respondent  group.  38%  were  black,  19%  were  Latino,  and 
31%  were  while.  Black  children  had  worse  asthma  status  than  while  chil- 
dren on  the  basis  of  the  AAP  asthma  physical  and  emotional  health 
scores,  symptom-days,  and  school  days  missed  in  the  past  2  weeks. 
Latino  children  had  equivalent  AAP  scores  but  missed  more  school  days 
than  white  children.  On  the  basis  of  ihe  AAP  asthma  physical  health 
score,  the  black-white  disparity  persisted  after  adjusting  for  other 
sociodemographic  variables.  After  adjusting  for  sociodemographic  vari- 
ables and  asthiTia  status,  black  and  Latino  children  were  less  likely  to  be 
using  inhaled  antiintlanimatory  medication  than  white  children  (relative 
risk  for  blacks:  ().fi9;  relative  risk  for  Latinos:  0.58).  They  were  more 
likely  to  have  home  nebulizers.  Other  processes  of  asthma  care,  including 
ratings  of  providers  and  aslhma  care,  use  of  written  management  plans, 
use  of  preventive  visits  and  specialists,  and  having  no  pets  or  smokers  al 
home,  were  equal  or  better  for  minority  children  compared  with  white 
children.  CONCLUSIONS:  Black  and  Latino  children  had  worse  asthma 
status  and  less  use  of  preventive  asthma  medications  than  white  children 
within  the  same  managed  Medicaid  populations.  Most  other  processes  of 
asthma  care  seemed  to  be  equal  or  better  for  minorities  in  the  populations 
that  we  studied.  Increasing  the  use  of  preventive  medications  is  a  natural 
focus  lor  reducing  racial  disparities  in  asthma. 

Nebtdizfd  l!ii<lesi>ni(k'  Inhalaliiui  .Suspension  Conipared  with  Cro- 
moljn  Sodium  Nchidi/ir  Solution  lor  .Vsthnui  in  \i>unK  Children: 
Results  of  a  Kandonii/.ed  Outcomes  Trial — Lellein  JG.  Szetler  SJ, 
Murphy  KR.  Lit/palrick  S,  Cru/-Ri\era  M,  Miller  CJ,  Smith  .lA.  Pedi- 
atrics 2002  May;  109(51:866-872. 

OBJECTIVE:  The  a\ailahilil)  ol  antiinfl.immaioi\  asihin.i  metiicilions 
for  infants  and  young  children  has  been  limited.  The  ohjectue  ol  this 
stud)  was  to  compare  effects  of  nebuli/ed  hudesonide  inhalation  suspen- 
sion and  cromolyn  sodium  nebulizer  solution  on  asthma-related  health 
outcomes  in  young  children  with  aslhma.  METHODS:  We  conducted  a 
randomi/eil.  parallel-group.  52-week,  open-label  study  in  36  VS  clinical 


sites.  Palienis  included  33.s  children  v\  ho  were  2  to  6  years  of  age  and  had 
persistent  asthma  that  had  been  treated  with  at  least  1  long-term  control 
medication:  287  children  (86%)  completed  the  study.  Patients  received 
budcsonide  inhalation  suspension.  0.5  mg  daily  (n  =  168).  or  cromolyn 
sodium  nebulizer  solution,  20  mg  4  times  daily  (n  =  167),  for  8  weeks, 
followed  by  dose  titration  at  the  investigator's  discretion.  The  main  out- 
come measure  was  the  rate  of  asthma  exacerbations  over  52  weeks.  Sec- 
ondary measures  included  limes  to  first  aslhma  exacerbation  and  first  use 
of  additional  aslhma  therapy,  aslhma  symptom  scores,  rescue  medication 
use.  and  health  care  resource  use.  RESULTS:  The  hudesonide  group  had 
a  mean  (median)  asthma  exacerbation  rate  of  1.23  (0.99)  per  year  com- 
pared with  2.41  (1.85)  for  the  cromolyn  group,  significantly  longer  limes 
to  first  exacerbation  and  first  use  of  additional  long-terin  asthma  medica- 
tion, greater  improvements  in  asthma  symptom  scores,  reduced  use  of 
rescue  medication,  and  fewer  urgent  care  visits.  Both  treatments  were 
well  tolerated.  CONCLUSIONS:  Budesonide  inhalation  suspension  was 
more  effective  than  nebuli/ed  cromolyn  sodium  in  young  children  with 
persistent  asthma.  Both  trcalnienls  were  well  tolerated  with  similar 
adverse  event  profiles. 

Serial  Assessment  of  Mortality  in  the  Neonatal  Intensive  Care  Unit 
by  Algorithm  and  Intuition:  Certainty.  I  ncertainty.  and  Informed 
Consent- — Meadow  W.  Frain  L.  Ren  Y.  Lee  Cj.  Soneji  S.  Lantos  J.  Pedi- 
atrics :()():  May;109(5):878-S86. 

OBJECTIVES:  Does  predictive  power  for  outcomes  of  neonatal  intensive 
care  unit  (NICL')  patients  get  better  with  time'.'  Or  does  it  get  worse'.'  We 
determined  the  predictive  power  of  Score  for  Neonatal  Acute  Physiology 
(SNAP)  scores  and  clinical  intuitions  as  a  function  of  day  of  life  (DOL) 
for  newborn  infants  admitted  to  our  NICU.  METHODS:  We  identified 
369  infants  admitted  to  our  NICU  during  1996-1997  who  required 
mechanical  ventilation.  We  calculated  SNAP  scores  on  DOL  1.  3.  4.  5,  7, 
10,  14,  21,  28,  and  weekly  thereafter  until  either  death  or  extubation.  We 
also  asked  nurses,  residents,  fellows,  and  atlendings  on  each  day  of 
mechanical  ventilation:  "Do  you  think  this  child  is  going  to  live  to  go 
home  to  their  family,  or  die  before  hospital  discharge'.'"  RESULTS:  Two 
thousand  twenty-eight  SNAP  scores  were  calculated  for  285  infants.  On 
DOL  1.  SNAP  for  nonsurvivors  (24  ±  8.7  [standard  deviation])  was  sig- 
nificantly higher  than  SNAP  for  survivors  (13  ±6.1).  However,  this  dif- 
ference diminished  steadily  and  by  DOL  10  was  no  longer  statistically 
significant  ( 12.7  ±  4.9  vs  10.0  ±  4.8).  On  each  NICU  day.  at  all  ranges  of 
SNAP  scores,  there  were  at  least  as  many  inlanis  who  would  ultimately 
survive  as  would  die.  Consequently,  the  positive  predictive  value  of  any 
SNAP  value  for  subsequent  mortality  was  <  0.5  on  all  NICU  days.  Pre- 
diction profiles  were  obtained  for  230  ventilated  inlants  reflecting  over 
1 1  OUO  intuitions  obtained  on  2867  patient  days.  One  hundred  fifty-seven 
(81%)  of  192  survivor  profiles  displayed  consistent  accurate  prediction 
profiles-at  least  90%  of  their  NICU  ventilation  days  were  characterized 
by  100%  prediction  of  survival.  Twenty-five  (13%)  of  192  surviving 
infants  survived  somewhat  unexpectedly;  that  is.  afler  at  least  1  day  char- 
acterized by  at  least  1  estimate  of  "death."  Thirty-three  (60%)  of  the  55 
nonsurvivors  died  before  DOL  10.  Eighty-two  percent  of  the  prediction 
profiles  for  these  early  d>ing  infants  were  homogeneous,  dismal,  and 
accurate.  Twenty-two  (40%)  of  the  55  nonsurvivors  died  after  DOL  10. 
Seventeen  (78%)  of  these  22  late-dying  infants  were  predicted  to  live  by 
many  observers  on  many  hospital  days.  Sixty-one  (30%)  of  230  profiled 
patients  had  at  least  1  NICU  day  characterized  by  at  least  1  prediction  of 
death:  26/61  (43%)  of  these  patients  were  incorrectly  predicted;  that  is, 
they  survived.  Seventeen  infants  who  were  predicted  to  die  during  but 
survived  nonetheless  were  assessed  neurologically  al  1  year.  Fourteen 
(82%  )  of  these  17  were  not  neurologically  normal-S  were  clearly  abnor- 
mal. I  suspicious,  and  5  h;id  died.  CONCLUSIONS:  If  absolute  certainty 
about  mortality  is  the  only  criterion  that  can  justify  a  decision  to  withhold 
or  withdraw  lile-suslaining  treatment  in  the  NICU,  these  data  would 
make  such  decisions  tlillicull  on  the  first  dav  of  life,  and  increasinsilv 
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problemutic  iherealter.  However,  if  we  acknowledge  thai  medicine  is 
inevitably  an  inexact  science  and  that  clinical  predictions  can  never  be 
perfect,  we  can  ask  the  more  interesting  question  of  whether  good  but 
less-lhan-perfect  predictions  of  imprecise  but  ethically  relevant  clinical 
outcomes  can  still  be  useful.  We  think  that  they  can-and  that  they  must. 

Improving;  Childhood  .Asthma  Outcomes  in  the  United  States:  A 
Blueprint  For  Policy  .Action — Lara  .\I.  Rosenbaum  S.  Rachelcfsky  G. 
Nicholas  W.  Morton  SC.  Emont  S,  et  al.  Pediatrics  2002 
May;109{5):919-930. 

BACKGROUND/OBJECTIVE:  Asthma  is  increasingly  being  recog- 
nized as  an  important  public  health  concern  for  children  in  the  United 
States.  Effectiv  e  management  of  childhood  asthma  may  require  not  only 
improving  guideline-based  therapeutic  interventions,  but  also  addressing 
social  and  physical  environmental  risk  factors.  The  objective  of  this  pro- 
ject was  to  create  a  blueprint  for  improvement  of  national  policy  in  this 
area.  DESIGN/METHODS:  A  nominal  group  process  with  nationally 
recognized  experts  and  leaders  (referred  to  as  "the  committee")  in  child- 
hood asthma.  RESULTS:  The  committee  identified  I  1  policy  recommen- 
dations (numbered  in  order  below)  in  2  broad  categories:  Improving 
Health  Care  Delivery  and  Financing,  and  Strengthening  the  Public  Health 
Infrastructure.  Recommendations  regarding  Improving  Health  Care 
Delivery  and  Financing  include  the  development  and  implementation  of 
quality-of-care  standards  in  1 )  primary  care.  2)  self-management  educa- 
tion, and  3)  case-management  interventions,  and  the  expansion  of  insur- 
ance coverage  and  benefit  design  by  4)  extending  continuous  health 
insurance  coverage  for  all  children,  5)  developing  model  insurance  bene- 
fits packages  for  essential  childhood  asthma  services,  and  6)  educating 
health  care  purchasers  in  how  to  use  them.  Recommendations  for 
Strengthening  the  Public  Health  Infrastructure  include  public  funding  of 
asthma  services  that  fall  outside  the  insurance  system  through  establish- 
ing 7)  public  health  grants  to  foster  asthma-friendly  communities  and  8) 
school-based  asthma  initiatives.  9)  Launching  a  national  asthma  public 
education  campaign.  10)  developing  a  national  asthma  surveillance  sys- 
tem, and  1 1 )  establishing  a  national  agenda  for  asthma  prevention 
research,  with  an  emphasis  on  epidemiologic  and  behavioral  sciences,  are 
also  recommended.  CONCLUSIONS:  Implementing  these  recommenda- 
tions will  require  coordination  of  activities  at  the  national,  state,  and  local 
community  level,  and  within  and  outside  the  health  care  delivery  system. 
With  a  further  commitment  of  national  and  local  resources,  implementa- 
tion of  these  recommendations  will  likely  lead  to  improved  child  and 
family  asthma  outcomes  in  the  United  States,  childhood  asthma,  health 
care  policy,  health  care  services. 

Chronic  Lung  Disease  .After  Activated  Charcoal  Aspiration — GrafI 
GR.  Stark  J.  Berkenbosch  JW.  Holcomb  GW  3id.  Garola  RE.  Pediatrics 
2002May;l()9(5):9.'i9-961. 

The  ingestion  of  toxic  substances  is  a  common  pediatric  emergency. 
Activated  charcoal  is  part  of  the  standard  treatment  for  most  toxic  inges- 
tions and  is  considered  a  benign  therapy.  We  report  a  ca.se  of  inadvertent 
administration  of  activated  charcoal  into  the  trachea  that  resulted  in  the 
development  of  chronic  lung  disease. 

Efficacv  and  Sal'etv  of  Low -Dose  Fluticasone  Propionate  Compared 
with  Montelukast  lor  Maintenance  Treatment  of  Persistent 
Asthma — Meltzer  EO,  Lockey  RF.  Friedman  BF,  Kalberg  C.  Goode- 
Sellers  S,  Srebro  S.  et  al.  Mayo  Clin  Proc  2002  May:77(5):437-445. 

OBJECTIVE:  To  compare  the  long-term  effects  of  an  inhaled  corticos- 
teroid with  those  of  a  leukotriene  modifier  on  measures  of  clinical  effi- 
cacy, subject  preference,  and  safety  in  patients  with  persistent  asthma. 
PATIENTS  AND  METHODS:  Between  November  17.  I99S.  and  May 
26,  2000.  we  conducted  a  multicenter.  randomized,  double-blind,  double- 


dummy,  parallel-group  study  of  patients  aged  1 5  years  or  older  w  ith  per- 
sistent asthma.  The  patients  were  symptomatic  while  taking  short-acting 
B;-agonists  alone  and  were  treated  with  fiuticasone  propionate  (S8  pg  [2 
puffs  of  44  pg]  twice  daily)  or  montelukast  ( 10  mg/d)  for  24  weeks.  Mea- 
sures of  pulmonary  function,  asthma  symptoms,  albuterol  use,  nighttime 
awakenings,  physician  assessments  of  efficacy,  patient  satisfaction, 
asthma-related  quality  of  life,  and  safety  were  evaluated.  RESULTS:  A 
total  of  522  patients  were  randomized  to  receive  fluticasone  or  mon- 
telukast. and  395  patients  completed  the  study.  At  end  point,  treatment 
with  fluticasone  significantly  improved  pulmonary  function,  asthma 
symptom  scores,  the  percentage  of  symptom-free  days,  rescue  albuterol 
use.  and  the  number  of  nighttime  awakenings  due  to  asthma  w  hen  com- 
pared with  montelukast  (p<  0.002,  each  comparison).  Significantly  more 
patients  were  satisfied  with  fluticasone  therapy  (83%)  compared  with 
montelukast  therapy  (66%)  (p<0.001),  and  fluticasone  therapy  was  rated 
as  effective  by  a  significantly  greater  portion  of  physicians  ibT^i  1  than 
was  montelukast  therapy  (54'*)  (p<0.001).  Treatment  vsith  fluticasone 
significantly  improved  asthma-related  quality-of-life  measures  compared 
with  montelukast  (p<0.01 ).  The  incidence  of  asthma  exacerbations  was 
similar  in  the  fluticasone  ( 19  patients.  7'f )  and  montelukast  (21  patients. 
S'-.t)  treatment  groups,  although  slightly  more  patients  in  the  montelukast 
group  were  withdrawn  from  the  study  because  of  asthma  exacerbations 
(6%  vs  4%,  respectively).  CONCLUSION:  Long-term  treatment  with  a 
low  dose  of  inhaled  fluticasone  is  more  effective  than  oral  montelukast  as 
first-line  maintenance  therapy  for  the  treatment  of  persistent  asthma. 

Patient,  Clinician,  and  Population  Perspectives  on  Determining  the 
Clinical  Significance  of  Quality -of-Life  Scores — Frost  MH.  Bonomi 
AE.  Ferrans  CE.  Wong  GV.  Hays  RD:  Clinical  Significance  Consensus 
Meeting  Group.  Mayo  Clin  Proc  2002  May:77(5):488-494. 

Despite  the  success  of  screening  and  treatment  of  major  cancers  in  the 
United  States,  cancer  remains  a  chronic  condition  dominated  by  symp- 
toms and  treatment-related  adverse  effects.  Because  of  these  often  taxing 
symptoms  and  adverse  effects,  numerous  studies  have  been  conducted  to 
document  the  effects  of  cancer  diagnosis  and  treatment  on  the  quality  of 
life  (QOL)  of  patients.  But  there  has  been  limited  investigation  of  the 
clinical  significance  of  QOL  scores.  This  article  examines  tlie  clinical 
significance  of  QOL  scores  from  3  key  perspectives:  patients,  clinicians, 
and  the  general  population.  The  patient's  perspective  includes  an  evalua- 
tion of  the  size  of  difference  in  scores  that  individual  patients  can  detect 
and  regard  as  important.  The  clinician  perspective  relies  on  whether  the 
clinician  believes  the  patient's  condition  has  stayed  the  same  vs  whether 
changes  have  occurred  (decline  or  improvement).  The  population  per- 
spective represents  a  democratic  process  in  which  the  input  or  votes  of  a 
community  of  people  are  used  to  determine  if  health  stale  A  is  clinically 
significantly  different  from  health  state  B.  While  many  clinicians  and 
researchers  advocate  for  QOL  to  be  defined  from  the  patient's  perspec- 
tive, the  reality  is  that  QOL  is  often  defined  by  clinicians  in  terms  of 
observable  events.  Even  when  measures  are  used  in  which  the  patient 
identities  how  his  or  her  life  has  been  affected,  it  is  often  the  clinician 
who  interprets  the  clinical  importance  of  this  information.  The  clinician's 
perspective  has  value  in  framing  an  experience  within  the  context  of  what 
is  usual  for  a  group  of  individuals,  and  the  population  perspective  pro- 
vides inputs  as  to  how  society  may  use  limited  resources.  However,  we 
conclude  that  a  more  prominent  role  for  the  patient's  QOL  perspective  is 
needed. 

Preoperative  Prediction  of  the  Risk  of  Pulmonary  Complications 
After  Esophagectomy  for  Cancer — Ferguson  MK.  Durkin  AE.  J  Tho- 
rac  Cardiovasc  Surg  2002  Apr;l2.^(4):661-669. 

OBJECTIVES:  Pulmonary  complication  is  a  frequent  morbid  event  after 
esophagectomy  for  cancer.  Its  prediction  may  help  select  patients  for  pre- 
operative rehabilitation.  METHODS:  We  performed  a  retrospective 
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Abstracts 


review  oi  292  patients  (231  men  and  (il  women;  mean  age.  60.1  years) 
who  underwent  esophageclomy  for  cancer  between  1980  and  2000.  Data 
were  analyzed  to  identify  factors  associated  with  the  development  of  pul- 
monars  complications  Ireintubation  for  isolated  respiratory  failure  and 
pneumonia).  A  .scoring  system  was  developed,  and  its  ability  to  predict 
complications  was  assessed.  RESULTS:  Resection  was  performed  for 
squamous  cancer  (n  =  100).  adenocarcinoma  (n  =  186).  and  other  histo- 
logic types  (n  =  6)  in  patients  with  stages  0  or  1  (n  =  53).  II  (n  =  94).  Ill  (n 
=  114).  and  IV  (n  =  23)  disease.  Pulmonary  complications,  which  devel- 
oped in  78  (21%)  patients,  were  associated  with  a  4.5-fold  increase  in 
operative  mortality  (7'?t-32'7r).  Multivariable  analysis  identified  indepen- 
dent predictors  of  pulmonary  complications  to  be  patient  age  (odds  ratio 
[ORl,  1.3h  95<;f  confidence  interval  [CI],  0.99-1.74;  p  =0.059).  percent- 
age forced  expiratory  volume  in  1  second  (OR.  1.21;  95%  CI.  1.07-1.38; 
p  =0.003).  and  possibly  performance  status  (OR.  1.48;  95%  CI,  0.88- 
2.50;  p  =0. 14).  A  scoring  system  using  these  3  covariates  was  developed, 
which  predicted  incremental  risk  of  pulmonary  complications  (p  =0.013). 
The  incremental  risks  of  cardiovascular  and  overall  cardiopulmonary 
complications  were  also  predicted  with  this  scoring  system  (p  <0.01  for 
each).  CONCLUSIONS:  A  scoring  system  using  patient  age,  spirometry, 
and  performance  status  helps  predict  the  likelihood  of  pulmonary  and  car- 
diovascular complications  after  esophagectomy  and  can  help  select 
patients  who  may  benefit  from  preoperative  cardiopulmonary  rehabilita- 


Epidcmiology  of  Obstructive  Sleep  Apnea:  A  Population  Health  Per- 
spective— Young  T.  Peppard  PE.  Gottlieb  DJ.  Am  J  Respir  Cril  Care 
Med  2002  May  1;165(9):1217-12.^9. 

Population-based  epidemiologic  studies  have  uncovered  the  high  preva- 
lence and  wide  severity  spectrum  of  undiagnosed  obstructive  sleep  apnea, 
and  have  consistently  found  that  even  mild  obstructive  sleep  apnea  is 
associated  with  significant  morbiditv.  Evidence  from  methodologically 
strong  cohort  studies  indicates  that  undiagnosed  obstructive  sleep  apnea, 
with  or  without  symptoms,  is  independently  associated  with  increased 
likelihood  of  hypertension,  cardiovascular  disease,  stroke,  daytime 
sleepiness,  motor  vehicle  accidents,  and  diminished  quality  of  life.  Strate- 
gies to  decrease  the  high  prevalence  and  associated  morbidity  of  obstruc- 
tive sleep  apnea  are  critically  needed.  The  reduction  or  elimination  of  risk 
factors  through  public  health  initiatives  with  clinical  support  holds 
promise.  Potentially  modiliable  risk  factors  considered  in  this  review 
include  overweight  and  obesity,  alcohol,  smoking,  nasal  congestion,  and 
estrogen  depletion  in  menopause.  Data  suggest  that  obstructive  sleep 
apnea  is  associated  with  all  these  factors,  but  at  present  the  only  interven- 
tion strategy  supported  with  adequate  evidence  is  weight  loss,  A  focus  on 
weight  control  is  especially  important  given  the  expanding  epidemic  of 
overweight  and  obesity  in  the  United  States,  Primary  care  providers  will 
be  central  to  clinical  approaches  for  addressing  the  burden  and  the  dev  el- 
opment  of  cost-effective  case-finding  strategies  and  feasible  treatment  for 
mild  obslruclive  sleep  apnea  warrants  high  priority. 

Manual  Xspiration  \  ersus  Chest  Tube  Drainage  in  First  Episodes  of 
I'rinuirv  Spontaneous  Pneumothorax:  .\  Multicenttr,  Prospective, 
Kanduniizt'd  Pilot  Stud>  — Noppcn  M,  .Mexander  P.  Driesen  P.  Slab- 
bynck  H.  Versiraeten  A.  Am  J  Respir  Crit  Care  Med  2002  May 
1;165(9):I240-1244. 

Although  there  is  no  agreement  on  the  optimal  treatment  of  patients  pre- 
scnling  with  a  first  episode  of  primary  spontaneous  pneumothorax,  the 
m;ijontv  of  physicians  prefer  chest  tube  drainage  for  air  ev  acuation.  Man- 
ual aspiration  of  air  has  been  proposed  by  some,  but  lack  of  sound  com- 
parative data  and  safely  data  has  limited  its  use.  In  this  first  randomized, 
prospective,  multicenter  pilot  study.  60  patients  with  a  first  episode  of 
primary  spontaneous  pneumothorax  were  randomly  allocated  to  manual 
aspiration  (n  =  27)  or  chest  tube  drainage  (n  =  33),  Immediate  success 


was  obtained  in  16  out  of  27  (59,3%)  in  the  manual  aspiration  group,  and 
in  21  out  of  33  (63.6%)  in  the  chest  tube  drainage  group  (p  =  0,9),  One- 
week  success  rates  were  25  out  of  27  (93% )  in  the  intention-lo-lreat  man- 
ual aspiration  group  and  28  out  of  33  (85%)  in  the  chest  tube  drainage 
group  (p  =  0.4).  Fourteen  of  27  manual  aspiration  patients  (52'* )  were 
hospitalized,  versus  100%  of  the  chest  tube  drainage  patients  (p  < 
0.0001 ).  Recurrence  rates  with  at  least  1-year  follow-up  were  7  out  of  26 
(26%)  in  the  manual  aspiration  group,  and  9  out  of  33  (27,3%)  in  the 
chest  tube  drainage  group  (p  =  0,9),  There  were  no  complications  associ- 
ated with  manual  aspiration.  Although  statistical  power  is  insufficient  to 
formally  confirm  therapeutic  equality,  this  pilot  study  suggests  that  in 
first  episodes  of  primary  spontaneous  pneumothorax,  manual  aspiration 
seems  equally  effective  as  chest  tube  drainage  and  is  safe,  well  tolerated, 
and  feasible  as  an  outpatient  procedure  in  the  majority  of  patients. 

Dyspnea  and  Dccrea.sed  Variability  of  Breathing  in  Patients  with 
Restrictive  Lung  Disease — Brack  T.  Jubran  A,  Tobin  MJ.  Am  J  Respir 
Crit  Care  Med  2002  May  1;165(9);1260-1264. 

Patients  with  restrictive  lung  disease  are  typically  dyspneic  and  have  an 
increase  in  overall  respiratory  center  drive,  as  a  result  of  increased  lung 
elasticity.  When  we  subjected  healthy  volunteers  to  external  elastic  loads, 
their  variability  of  breathing  was  lessened.  Accordingly,  we  hypothesized 
that  patients  with  restrictive  lung  disease  display  decreased  variability  of 
breathing  and.  also,  that  decreased  variability  of  breathing  is  related  to 
dyspnea.  Breathing  pattern  was  measured  nonobtrusively  over  1  hour  in 
10  patients  with  restrictive  lung  disea.se  and  in  7  healthy  subjects.  On  a 
separate  occasion,  dyspnea  was  measured  while  all  subjects  copied  dif- 
ferent tidal  volumes  and  frequencies.  Compared  with  healthy  subjects, 
the  random  fraction  of  breath  variability  was  reduced  in  patients  witJi 
restrictive  lung  disease:  27  times  for  expiratory  time.  12  times  for  tidal 
volume,  and  6  times  for  inspiratory  time  (p  <  0.01  in  each  instance).  Con- 
versely, the  nonrandom,  correlated  fraction  for  tidal  volume  was 
increased  almost  3-fold  in  the  patients  (p  <  0.01 ).  Small  variations  from 
average  resting  tidal  volume  caused  marked  increases  in  dyspnea  in 
patients,  and  the  relationship  was  parabolic  (r-  =  0,97;  p  <  0.001 ).  In  con- 
clusion, patients  with  restrictive  lung  disease  adopt  a  tightly  constrained 
breathing  pattern,  probably  as  a  strategy  for  avoiding  dyspnea, 

ARDSNet  Lower  Tidal  Volume  Ventilatory  Strategy  May  Generate 
Intrinsic  Positive  F^nd-Expiratory  Pressure  in  Patients  with  .\cute 
Respiratory  Distress  Syndrome — de  Durante  G.  del  Turco  M,  Rusli- 
chini  L,  Cosimini  P,  Giunta  F,  Hudson  LD,  et  al.  Am  J  Respir  Crit  Care 

Med  2002  M.iy  I  ;I65(9):1271-I274. 

The  ARDSNet  trial  revealed  that  the  use  of  a  smaller  tidal  volume  (Vt) 
reduced  mortality  by  22%.  However,  three  earlier  studies  that  lowered  Vj 
did  not  find  a  decrease  in  mortality.  We  tested  the  hypothesis  that  the 
increased  respiratory  rate  used  in  the  ARDSNet  lower  \'j  strategy  might 
have  led  to  intrinsic  positive  end-expiratory  pressure  (PEEPj,,  raising 
total  PEEP  (PEEP|„u|),  Ten  patients  with  acute  respiratory  distress  syn- 
drome (ARDS)  were  ventilated  using  the  ARDSNet  lower  Vr  protocol. 
Respiratory  rate  was  then  reduced  ( 10-15  breaths/minute)  to  obtain  a  Vj 
of  12  niLAg  (ARDSNet  u-aditional  Vj),  PEEP  on  the  ventilator  (PEEP- 
nc.mimii:  10.  ■  ±  0,7  cm  HiO).  Fio,  (0.7  +  0.1 ).  and  minute  ventilation  Ve: 
12,4  ±  1,7  L/minute)  were  set  using  the  ARDSNet  protocol  and  main- 
tained constant  during  the  two  ventilatory  strategies.  Values  of  airway 
pressure  al  end-expiration  of  a  regular  breath  (PEEP^,,i^,n,ail  and  3-5  .sec- 
onds after  the  onset  of  an  end-expiratory  occlusion  (PEEP,„iai)  were  mea- 
sured. PEEP,  was  calculated  by  subtracting  PEEPoviemai  front  PEEPumi. 
PEEP,„ui  and  PEEP,  were,  respectively,  16.3  ±  2.9  and  5.8  ±  3.0  cm  H:0 
during  the  lower  Vj  strategy  and  1 1 .7  ±  0.9  and  1 .4  ±  1 .0  cm  H:0  during 
the  traditional  \'t  strategy  (p  <  0.01).  The  reduced  monality  observed 
w  ith  the  ARDSNet  strategy  may  have  been  due  to  the  protective  effect  of 
a  higher  PEEP„„,,|. 
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Need  to  Eliminate  Unnecessary  Procedures  and  Stretch 
Your  Existing  Staff?  Then  Use  Clinical  Practice  Guidelines. 


AARC  Clinical  Practice  Guidelines  (CPGs)  are  statements 
developed  to  guide  your  delivery  of  appropriate  respiratory 
care  in  specific  clinical  circumstances.  Use  them  to  develop 
institution-specific  respiratory  care  procedures,  protocols  and 
critical  pathways.  Plus.  CPGs  can  be  used  as  a  component  of 
a  continuous  quality  improvement  program.  Each  Guideline 
contains  a  procedure  name,  description,  care  setting, 
obiectives/indications.  contraindications,  assessment  of  need, 
assessment  of  outcome,  resources  needed,  monitoring 
required,  frequency,  mfecton-control  and  references.  All  52 
CPGs  conveniently  enclosed  in  a  three-ring  binder. 

Item  CPG99-AB  $149.95 

(Members  $124.95  -  Save  $25.00) 


ORDER  ONLINE  AT 

http;//store. yahoo.com/aarc/ 

Call  (972)  243-2272  •  Fax  (972)  484-2720 

Purchase  Order,  MasterCard,  Visa  Accepted 


Protect  Your  Facility  and  Get  the 
Reimbursement  You  Deserve  with 
"Successful  CPT  Coding  and  FAQs." 


r  C;iF*T  Oodln^  ^ 

Ann  III  >□  A««mi»llun  I'oi  Hpcpliaioir  Cjire 

Incorrect  or  missed  CPT  codes 
can  be  costly.  Now,  you  can  take 
the  mystery  out  of  respiratory 
CPT  coding  with  this  90-minute 
cassette  tape  and  booklet  of 
77  FAQs  about  CPT  coding. 
Coding  expert  Kevin  Shrake 
offers  helpful  tips  on  coding 
strategies  and  minimizing 
costly  mistakes.  Audiotape. 

Item  PM9g-AB   $95.00 

(Members  $75.00  -  Save  $20.00 


SHIPPING  AND  HANDLING 

Add  $9.25  for  first  item.  Add  $2.00 

each  for  each  additional  item  order. 

Texas  Residents  Add  8.25%  Sales  Tax. 
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four  Staffing  Situation 

NOW? 
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Don't  waste  time  and  moncN  pro\iding  respiratory  earc 
ser\  iees  tliat  are  not  indieated.  The  j\i\RC's  Clinieal 
Praetiee  Guidelines  (CPGs)  will  help  you  determine  the 
appropriateness  of  orders  for  specific  procedures.  Plus,  you 
can  use  these  scientificalh  referenced  documents  as  the 
fomidation  for  developing  and  refining  protocols  to  achieve 
cost-etfecti\e  care  and  better  clinical  outcomes. 

Developed  by  Leading  Experts  in 
Respiratory  Care 

You  can  also  use  CPGs  to  develop  institution-specific 
respirator\-  care  procedures,  protocols  and  critical  pathways. 
Plus,  GPGs  can  be  used  as  a  component  of  a  continuous 
qualit}'  improvement  program.  And,  w  ith  health  care's 
emphasis  on  outcomes,  CPGs  can  also  be  used  to 
determine  whether  outcomes  associated  w  ith  rcspirator\- 
care  procedures  are  appropriate. 

Topics  include  51  procedures 
commonly  performed  in 
respirator\'  care.  These  procedures 
co\er:  air\\a\  care,  bronchial 
h\giene,  owgen  therap\', 
mechanical  \entilation,  pediatric 
respirator\  care,  diagnostics/ 
testing,  patient  assessment,  home 
care  and  more. 

Each  guideline  contains  a  procedure  name,  description, 
care  setting,  objectives/indications,  contraindications, 
assessment  of  need,  assessment  of  outcome,  resources 
needed,  monitoring  required,  frequency,  infection-coniiol 
and  references.  All  51  CPGs  are  convcnientK  enclosed  in  a 
three-ring  binder. 

Order  Online  at:  littp://store.yahoo.com/aarc/ 
Call  (972)  243-2272  •  Fax  (972)  484-2720 

Item  CPG99-AG  $149.95  (Members  $124.95  -  Save  S25.00) 

Add  SI  0.50  for  Shipping  and  Handling.  Texas  residents  add  8.25' 
Sales  Tax.  Purchase  Order,  MasterCard,  Visa  Accepted. 

AARC,  Order  Desk,  1 1030  Abies  Lane,  Dallas  TX  75229 
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Abstracts 


Infants  with  Flow  Limitation  at  4  Weeks:  Outcome  at  6  and  II 
^ears  Tiuncr  S\\  .  Kilmer  I.J.  R>c  PJ.  OiliMin  NA.  Juilyc  PK. 
Young  S.  ct  al.  Am  J  Rospir  Cm  Care  Med  2(102  Ma\  I ;  1 65(9):  1 294- 
1298. 

Within  a  longitudinal  s(udy  ol  lung  function  in  24.^  infants,  we  identi- 
fied a  group  of  23  individuals  with  How  limitation  in  tidal  expiration. 
In  infancy,  tlow-liniitcd  children  have  reduced  lung  function  and 
increased  airway  responsi\eness  (AR).  and  at  2  years  of  age  they  are 
diagnosed  with  asthma  more  frequently.  Wc  hypothesized  that  these 
observations  would  persist  throughout  childhood.  Data  from  ages  3  to 
1 1  years  were  analyzed.  Only  at  4  years  of  age  did  the  flow-limited 
group  have  increased  wheeze  compared  with  other  cohort  members 
(oddsratio.  4.25;  95%  confidence  interval  [CI].  1.11  to  I6.2;p  =  0.04: 
n  =  I  14).  At  6  years  of  age.  I  17  cohort  members  were  seen.  The  How- 
limited  group  (n  =  14)  had  greater  AR  (p  =  0.009)  and  reduced  mean 
FEV|  (131  mL:  95%  CI.  16  to  246:  p  =  0.03)  and  FEFist."^  (0.28 
L/second;  95%  CI.  0.05  to  0.52;  p  =  0.02).  At  1 1  years  of  age.  183 
children  were  seen  and  the  tlow-limited  group  (n  =  18)  had  greater  AR 
(p  =  0.02)  and  a  trend  toward  reduced  mean  FEFJ5.75  (0.24  L/second; 
95%  CI.  -0.02  to  0.49;  p  =  0.08).  Atopy  and  parental  asthma  were  not 
increased  in  the  tlow-limited  group.  We  suggest  that  the  physiologic 
abnormality  that  causes  flow  limitation  in  early  infancy  may  identify 
an  at-risk  group,  different  from  asthma,  who  have  reduced  lung  func- 
tion and  increased  airway  responsiveness  in  later  life. 

Prospective  Study  of  Diet  and  Decline  in  Lung  Function  in  a  Gen- 
eral Population — McKeever  TM.  Scrivener  S.  Broadfield  E.  Jones  Z. 
Bridon  J.  Lewis  SA.  Am  J  Respir  Crit  Care  Med  2002  May 
1;I65(9):1299-I3()3. 

We  have  investigated  the  relationship  between  decline  in  lung  func- 
tion and  dietary  intakes  of  magnesium,  vitamin  C.  and  other  antio.xi- 
danl  vitamins  in  a  general  population  cohort  in  Nottingham.  United 
Kingdom.  In  1991.  wc  measured  dietary  intake  by  semiquantitative 
food  frequency  questionnaire,  forced  expiratory  volutne  in  1  second 
(FEV| ).  and  respiratory  symptoms  in  a  cross-sectional  survey  of  2.633 
adults  aged  18-70.  Nine  years  later  we  repeated  these  measures  in 
1,346  of  these  individuals.  In  cross-sectional  analyses,  after  adjust- 
ment for  smoking  and  other  confounders.  higher  intakes  of  vitamin  C 
and  magnesium,  but  not  vitamins  A  or  E.  were  as,sociated  with  higher 
levels  of  FEV|  in  both  1991  and  2000.  In  longitudinal  analysis  with 
adjustment  for  confounders.  decline  in  FEV|  between  1991  and  2000 
was  lower  amongst  those  with  higher  average  vitamin  C  intake  by 
50.8  niL  (95%  confidence  interval.  3.8-97.9)  per  100  mg  of  vitamin  C 
per  day.  but  was  unrelated  to  ntagnesium  intake.  There  was  no  rela- 
tionship between  decline  in  FEV|  and  intake  of  vitamins  A  or  E.  This 
study  suggests  that  a  high  dietary  intake  of  vitamin  C.  or  of  foods  rich 
in  this  vitamin,  may  reduce  the  rate  of  loss  of  lung  function  in  adults 
and  thereby  help  to  prevent  chronic  obstruclise  pulmonary  disease. 

The  Best  Peak  Fxpiratorv  Flow  Is  Flow-Limited  and  Effort-Inde- 
pendent in  Normal  Subjects— Tantucci  C.  Duguet  A'.  Giampiccolo 
P.  .Siimlowski  T.  /chci  M.  Derenne  JP.  Am  J  Respir  Crit  Care  Med 
2002  May  I  ;165(9):  I.M)4-I  .W8. 

Recently,  it  has  been  suggested  that  peak  expiratory  llow  (PEF)  n)a\ 
be  determined  by  the  wave  speed  llow-limiting  mechanism.  In  six 
normal  male  subjects  (age  =  33  ±  8  years)  performing  expir;iior\ 
forced  vital  capacity  (FVC)  maneuvers,  a  negative  expiratory  pressure 
(NEP)  of -10  cm  H;0  was  randomly  applied  at  the  beginning  of  n)axi- 
mal  expiration  to  assess  changes  in  PEF  as  ccmipared  with  baseline. 
During  FVC  maneuvers,  the  expiratory  effort  was  measured  by 
changes  in  esophageal  pressure  (Pes),  as  either  peak  expiralory  Pes- 


Pes  at  end  expiratory  lung  volume  (APesp^ji,)  or  maximal  rate  of  rise 
of  Pes  (dPes/dt|„,,v).  In  each  experimental  condition,  at  least  three 
FVC  maneuvers  with  comparable  expiratory  effort  were  selected  for 
analysis  for  each  subject.  With  similar  APesp^t  (107.2  ±  34.9  versus 
1 1  1 .7  ±  40.5  cm  H:0)  and  dPes/dt^ax  ( 1 1 8 1  ±  5 1 8  versus  I  1 77  ±  546 
cm  H:0/second)  PEF  amounted  to  10.84  ±  1.08  L/second  and  to  10.82 
±  1.03  L/second  with  and  without  NEP.  respectively.  These  data  show 
that  PEF  obtained  by  normal  subjects  to  the  best  of  their  abilities  ( best 
PEF)  does  not  increase  v\ith  NEP  and  indicate  that  the  best  PIT-  is  a 
flow-limited  and  effort-independent  parameter,  reflecting  only  lung 
and  airways  mechanics  as  the  other  subsequent  maximal  expiralory 
flows  achieved  during  the  FVC  maneuver. 

The  Utility  of  Albuterol  Nebulized  with  Heliox  During  Acute 
Asthma  Exacerbations — Kress  JP.  Noth  1.  Gchlbach  BK.  Barman  N, 
Pohlman  AS.  Miller  A,  et  al.  Am  J  Respir  Crit  Care  Med  2002  May 
1;I65(9):1317-1321. 

Heliox  improves  lung  deposition  of  inhaled  panicles  when  compared 
with  air  or  oxygen  inhalation.  We  studied  the  spirometric  effects  of 
albuterol  nebulized  with  heliox  during  emergency  room  visits  for 
asthma  exacerbations.  Forty-five  patients  were  randomized  to  receive 
albuterol  nebulized  with  oxygen  (control)  versus  heliox  (n  =  22  con- 
trol and  23  heliox  subjects).  At  baseline,  demographics,  outpatient 
asthma  medications,  vital  signs,  oxygen  saturation,  and  forced  expira- 
tory volume  in  one  second  were  not  different  between  the  two  groups. 
Three  consecutive  albuterol  treatments  were  given  to  each  group.  The 
heliox  group  had  a  significantly  higher  heart  rale  after  albuterol  nebu- 
li/ation  compared  with  the  control  group.  Following  albuterol  Treat- 
meni  1.  the  median  change  in  forced  expiratory  volume  in  one  second 
was  14.6%  in  the  control  group  and  32.4%  in  the  heliox  group  (p  = 
0.007).  After  Treatment  2.  the  results  were  22.7%  versus  51.5%. 
respectively  (p  =  0.007).  After  Treatment  3,  the  results  were  26.6% 
versus  65.1%.  respectively  (p  =  0.016).  We  conclude  that  during  acute 
asthma  exacerbations,  albuterol  nebulized  with  heliox  leads  to  a  more 
significant  improvement  in  spirometry  when  compared  with  albuterol 
nebulized  with  oxygen.  This  is  likely  due  to  the  low-density  gas 
improving  albuterol  deposition  in  the  distal  airways. 

Organizational  and  Environmental  Factors  that  Affect  Worker 
Health  and  Safety  and  Patient  Outcomes — Lundstrom  T.  Pugliese 
G.  Bartley  J.  Cox  J.  Guithcr  C.  Am  J  Infect  Control  2002 
Apr;3()(2):93-106. 

This  article  reviews  organizational  laclors  thai  influence  the  salistac- 
tion.  health,  safety,  and  well-being  of  health  care  workers  and  ulti- 
mately, the  satisfaction,  safety,  and  quality  of  care  for  patients.  The 
impact  of  the  work  environment  on  working  conditions  and  the  effects 
on  health  care  workers  and  patients  are  also  addressed.  Studies  focus- 
ing on  worker  health  and  safety  concerns  affected  by  the  organization 
and  the  physical  work  environment  provide  evidence  of  direct  posi- 
tive and/or  adverse  effects  on  performance  and  suggest  indirect 
effects  on  the  quality  of  patient  care.  The  strongest  links  between 
worker  and  patient  outcomes  arc  demonstrated  in  literature  on  noso- 
comial transmission  of  infections.  Transmission  of  infections  from 
worker  to  patient  and  from  patient  to  patient  via  health  care  worker 
has  been  well  documented  in  clinical  studies.  Literature  on  outbreaks 
of  infectious  diseases  in  health  care  settings  has  linked  the  physical 
cm  ironnicnt  with  adverse  patient  and  worker  outcomes.  An  increas- 
ing number  of  studies  are  looking  at  the  relationship  between 
imprcncmeni  in  organizational  factors  and  measurable  and  positive 
change  in  patient  outcomes.  Characteristics  of  selected  magnet  hospi- 
tals are  reviewed  as  one  model  for  improving  patient  and  worker  out- 
comes. 
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Problem-Solving  Tools 

for  the  Respiratory  Manager  in  Any  Care  Setting. 
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Rssuronce  Documenfafion 

Nonudlfor 

Respiratorij  Core 


DMDM.VS 


Are  You  Sitting  on  a  JCAHO  Time  Bomb? 

You  Are  If  You  Haven't  Documented  Employee  Orientation 
and  Competency  Formatted  to  JCAHO  Standards. 

The  Orientation  and  Competency  Assurance  Manual  for  Respiratory  Care  takes  the  worry  out  ot  documenting 
orientation  and  coinpetency  for  JCAHO.  There's  no  worry  becau.se  with  this  manual  you  aren't  starting 
from  scratch,  h  provides  all  the  information,  assessment  tools  and  models  that  you  need,  with  easy  to  adopt 
competency  dcKumentation  forms.  It  easily  demonstrates  to  JCAHO  that  your  practitioners  receive  a  structured 
orientation  and  that  competence  is  periodically  assessed  and  documented.  It's  an  "oft  the  shelf  system  that  you 
can  start  using  today.  Three-ring  binder,  1998. 

Item  BK55-DB   $99.00  •   (Members  $76.95  -  Save  $22.05) 


Want  Your  Department  to  Reduce  Expenses  and  Improve  Patient  Care? 

They  Can  When  You  Use  UCSD's  Respiratory  Care  Patient-Driven  Protocols  Manual. 


:.  Respiratory  Core 
Patient  Driven  Protocols 


Studies  ha\c  documented  that  respiratory  therapists  using  protocols  is  a  sure-tire  way  to  reduce  expenses. 
Don't  reinvent  the  wheel  developing  protocols.  The  Respiratory  Care  Department  at  the  University  of  California  San 
Diego  has  used  these  same  protocols  to  defer  nearly  $5.2  million  in  costs  since  1993  —  with  no  adverse  effect  to  clinical 
outcomes.  TTiis  excellent  resource  aids  you  in  the  processes  of  developing,  implementing  or  refining  care  plans. 

Item  PA8012-DB  $99.00  •   (Members  $89.00  -  Save  $10.00) 


Ready  Made  Employee 
Competence  Documentation 

with  the  Diagnostic  Training  and 

Competence  Assessment  Manual  for 

Pulmonary  and  Noninvasive  Cardiology 

by  Susan  B.  Blonshine,  RRT 

Helps  you  demonstrate  your  employees'  competence  without  all  the 
work  of  developing  a  program.  Plus,  you  can  use  this  CD-ROM  to 
improve  training  and  new  employee  orientation.  Features:  quality 
control,  diffusing  capacity,  whole  body  plethysmography,  indirect 
calorimetry,  ABC  sampling,  bronchoscopy,  spirometry,  static  lung 
volumes,  bronchial  provocation  testing,  pulse  oximetry,  venipuncture, 
electrocardiography,  cardiopulmonary  stress  testing,  transtelephonic 
event  monitoring,  transtelephonic  pacemaker  evaluation,  graded 
exercise  testing,  ambulatory  electrocardiography  and  high  re.solution 
signal-average  ECG.  CD-ROM. 

Item  PA99-DB  $289.00 
(Members  $267.00  -  Save  $22  00) 


SHIPPING  RATES 
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PROCEDURE  MANUAL 


Don't  Reinvent 

the  Wheel  for  Home 

Care  Procedures 


K)IIIBnuiO«(AltlKC. 


With  the  rSRt;  Home  Care  PfiKedure 
Manual  you  don't  have  to  reinvent  the 
wheel.  It  gives  you  expert  guidance  in 
documenting  p<ilicies  and  pr<Kedures  for 
home  clinical  respiratory  ser\'ices  and  it 
helps  you  meet  accreditation  requirements. 
Plus,  this  manual  helps  you  document 
caregiver  and  patient  competency  with  "tear 

out"  documents  on  procedures  for  both  the  patient  and  the  caregiver. 

Reduces  the  contiision  that  patient  and  family  can  experience  from  talking 

with  each  health  care  practitioner  they  encounter. 
Item  BK3-PR  $150.95  (Members  $79.95  -  Save  $71 .00) 
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Foreword 


Liquid  Nebulization:  Emerging  Technologies 


Delivery  of  aerosolized  medications  into  the  lungs  is 
becoming  increasingly  important  for  two  reasons.  First, 
medicatit)ns  aimed  at  lung  diseases  often  have  a  higher 
therapeutic  index  when  delivered  directly  into  the  lung. 
Although  bronchodilators  are  currently  the  most  common 
aerosolized  medication,  many  new  classes  of  drugs  (eg, 
antibiotics,  antioxidants,  and  anti-inflammatory  agents)  are 
being  developed  that  lend  themselves  to  this  mode  of  de- 
livery. Second,  medications  aimed  at  systemic  illnesses 
(eg,  insulin,  human  growth  factor,  and  calcitonin)  are  also 
being  administered  as  aerosols  and  are  being  shown  to 
have  reliable  systemic  delivery  through  alveolar-capillary 
transport. 

CuiTent  aerosol  delivery  systems  may  not  be  adequate 
for  these  new  applications.  This  is  because  current  systems 
can  be  very  inefficient,  and  aerosol  delivery  can  be  heavily 
dependent  on  a  variety  of  sometimes  difficult-to-control 
factors,  including  breathing  pattern,  airway  geometry,  hu- 
midity, aerosol  particle  size/shape/velocity,  and  device  per- 
formance characteristics.  Under  optimal  conditions  lung 
deposition  may  approach  30'/f  with  these  systems.  Unfor- 
tunately, however,  all  too  often  in  clinical  practice,  lung 
deposition  is  considerably  less  than  that,  especially  in  pe- 
diatric patients  and  uncooperative  adults.  Efficient  deliv- 
ery can  be  further  compromised  by  the  presence  of  an 
artificial  airway.  Though  these  inefficiencies  are  clinically 
manageable  for  inexpensive  drugs  such  as  bronchodilators 
(just  give  more  drug),  they  are  unacceptable  when  consid- 
ering aerosol  delivery  of  potentially  very  expensive  newer 
medications. 

An  additional  problem  in  current  aerosol  delivery  is 
specific  location  targeting.  Many  drugs  are  more  effective 
if  they  are  placed  in  specific  regions  within  the  lung.  For 
example,  drugs  designed  for  parenchymal  diseases  might 
be  most  effectise  if  delivered  to  alveolar  regions.  Con- 
versely, drugs  designed  for  airway  disease  might  be  most 
effective  if  delivered  to  proximal  airways.  Though  some  tar- 
geting can  be  accomplished  by  particle  size  and  velocity  ma- 


nipulations (smaller,  slower  particles  deposit  more  distally). 
current  technology  has  limited  targeting  capabilities. 

Some  fascinating  new  approaches  to  aerosol  delivery 
are  on  the  horizon.  These  include  novel  device  character- 
istics, new  drug  formulations,  clever  patient  interfaces, 
and  approaches  that  generate  the  aerosol  within  specific 
regions  of  the  lung.  The  purpose  of  the  30th  Respiratory 
Care  Journal  Conference  was  to  gather  recognized  experts 
in  nebulization  and  aerosol  delivery  and  address  these  de- 
velopments in  several  ways.  The  program  was  structured 
in  3  parts:  ( 1 )  a  review  of  basic  nebulization  principles  and 
limitations  of  current  systems,  (2)  di.scussions  about  how 
assessments  of  future  systems  should  be  done  and  what 
would  be  the  barriers  to  implementation,  and  (3)  specific 
analyses  of  the  concepts  underlying  new  devices  and  in- 
terfaces. 

This  and  the  next  issue  of  Respiratory  Care  provide  the 
proceedings  of  the  conference  on  Liquid  Nebulization: 
Emerging  Technologies.  We  hope  that  these  articles  will 
increase  understanding  of  aerosol  delivery  and  provide 
insight  as  to  how  newer  design  principles  can  improve 
upon  this  very  useful  form  of  drug  delivery. 
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Summary 

Liquid  nebulization  is  a  common  method  of  medical  aerosol  generation.  Nebulizers  are  of  2  types:  jet  (or 
pneumatic)  small-volume  nebulizer,  and  ultrasonic  nebulizer.  Jet  nebulizers  are  based  on  the  venturi 
principle,  whereas  ultrasonic  nebulizers  use  the  converse  piezoelectric  effect  to  convert  alternating 
current  to  high-frequency  acoustic  energy.  Important  variables  for  both  types  of  nebulizer  are  treatment 
time  required,  particle  size  produced,  and  aerosol  drug  output.  There  are  several  advantages  to  jet 
nebulization,  including  that  effective  use  requires  only  simple,  tidal  breathing,  and  that  dose  modifica- 
tion  and  dose  compounding  are  possible.  Disadvantages  include  the  length  of  treatment  time  and 
equipment  size.  Design  modifications  to  the  constant-output  nebulizer  ha\e  resulted  in  breath-enhanced, 
open-vent  nebulizers  such  as  the  Pari  LC  Plus  and  the  dosimetric  AeroEclipse.  Ultrasonic  nebulizers 
generally  have  a  higher  output  rate  than  jet  nebulizers,  but  a  larger  a\erage  particle  size.  Ultrasonic 
nebulizers  can  also  substantially  increase  reservoir  solution  temperature,  the  opposite  of  jet  nebulizer 
cooling.  Drug  concentration  in  the  reservoir  does  not  increase  with  ultrasonic  nebulization,  as  it  does 
with  jet  nebulization.  Ultrasonic  nebulizers  have  the  same  advantages  as  jet  nebulizers.  Ultrasonic 
nebulizers  are  more  expensive  and  fragile  than  jet  nebulizers,  may  cause  drug  degradation,  and  do  not 
nebulize  suspensions  well.  Neither  type  of  nebulizer  meets  the  criteria  for  an  ideal  inhaler:  efllcient  and 
quick  dose  delivery  with  reproducibility,  cost-effectiveness,  and  no  ambient  contamination  by  lost  aero- 
sol. Key  i\(>rd\:  nebidiziition.  Jci  nchiilizer.  aerosol,  ultrasonic.     [Respir  Care  20()2;47(  I  I  ):I237-1275) 


Introduction  purposes."''  The  ap|iealini;  k)gic  of  civaliiii;  a  vapor  or 

aerosol  for  the  inhalation  Ireatnient  of  lung  disease  is  at 
The  term  ■"nebulizer"  derives  from  the  Latin  "nebula."           least  as  old  as  written  records  of  medicine.  The  Ayurvedic 
meaning  "mist."  and  reportedly  was  first  used  in   1S72.           tradition  of  medicine  in  India,  which  dales  back  perhaps 
followed  by  an  1874  definition  as  "an  instrument  tor  con- 
vening a  li(.|uid  into  a  fine  spray,  especiall\  for  medical  
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4.000  years  or  more,  used  inhaled  substances  for  manag- 
ing asthma.-  Although  inhalation  devices  were  described 
in  the  19th  century,  the  inodern  precursors  of  small-vol- 
ume nebulizer  devices  appeared  with  the  glass  and  hand- 
bulb  "atomizers"  introduced  for  asthma  treatment  in  the 
1930s,  such  as  the  DeVilbiss  No.  40  glass  nebulizer.'  The 
Collison  nebulizer  became  available  in  the  late  1940s;  it 
used  a  baffle  to  Alter  out  large  particles,  thus  distinguish- 
ing a  "nebulizer"  from  an  "atomizer."'  The  Wright  nebu- 
lizer, which  appeared  in  the  1950s,  was  engineered  from 
ebonite  and  perspex;  it  was  much  more  compact  than  the 
Collison  and  more  closely  resembled  today's  pneumati- 
cally powered  nebulizers.-*  A  different  method  of  creating 
liquid  aerosols,  the  ultrasonic  nebulizer,  was  introduced  in 
the  1960s.  It  relies  on  high-frequency  sound  waves  to 
aerosolize  the  solution.  Today  the  term  "nebulizer."  as 
used  clinically  in  respiratory  care,  encompasses  both  gas- 
powered  jet  nebulizers  and  ultrasonic  nebulizers.  This  re- 
view considers  the  physical  principles,  designs,  advan- 
tages, disadvantages,  and  factors  affecting  performance  of 
jet  and  ultrasonic  nebulizers  that  are  in  current  clinical  use. 

Jet  Nebulizers 


6  "  length  tubing 


To  patient 


Secondary  droplets 
(1-10  pm) 


Primary  droplets 
(1-10  pm) 


P+1/2mv'=K 


baffle 


-Capillary  feeder 
tube 


Orug  solution 


Power  gas 
(flow  meter,  compressor) 


Fig.  1 .  The  major  elements  of  a  jet  (pneumatically  powered)  small- 
volume  nebulizer,  m  =  mass,  v  =  velocity.  P  =  pressure.  K  = 
constant. 


Principle  of  Operation 

Small-volume  jet  (pneumatic)  nebulizers  are  2-fluid  at- 
omizers. The  basic  principle  of  operation  involves  com- 
pressed gas  directed  through  a  narrow  orifice,  with  en- 
trainment  of  liquid  through  one  or  more  capillary  feeder 
tubes.  The  narrow-orifice  gas  nozzle  has  traditionally  been 
termed  a  "venturi."  with  liquid  entrainment  based  on  the 
Bernoulli  principle.  In  laminar  flow,  and  keeping  height 
constant.  Bernoulli's  equation^  for  an  incompressible  fluid 
states: 

'/2  mv'  -I-  P  =  constant 


in  which  m  =  mass,  v  =  velocity.  P  =  pressure,  and 
'/:  mv  represents  kinetic  energy.  For  a  gas  in  laminar  flow 
through  a  tubing  system,  an  increase  in  velocity,  such  as 
can  occur  at  a  restriction  in  the  tubing,  leads  to  a  decrease 
in  the  lateral  pressure.  If  kinetic  energy  increases,  pressure 
energy  must  decrease,  based  on  conservation  of  mass  and 
energy.  A  "venturi"  is  based  on  Bernoulli's  equation  and 
uses  the  pressure  drop  to  entrain  a  second  fluid.  The  lower 
pressure  causes  drug  solution  to  be  drawn  up  to  the  gas  jet 
through  capillary  or  feeder  tubes  that  lead  down  to  the 
liquid  reservoir.  The  entrainment  is  also  attributed  to  mo- 
mentum transfer  between  the  power-gas  molecules  and  air 
or  liquid  in  the  feeder  tubes.''  The  high-velocity  gas  meet- 
ing the  liquid  causes  primary  generation  of  large  droplets, 
typically  40-60  /urn.  but  with  a  possible  range  of  15  to  > 


500  /i,m.^  **  Droplets  produced  by  primary  generation  are 
impacted  onto  baffles  within  the  nebulizer,  producing  a 
secondary  generation  of  aerosol  with  particles  of  1-10 
/Ltm.  with  typical  sizes  of  4.0  and  5.0  ixm/  During  that  second 
stage  of  aerosol  generation  the  larger  particles  ;ire  baffled, 
coalesce,  and  drain  back  into  the  reservoir  (Figure  1 ). 

Aerosol  droplet  size  depends  on  the  geometry  of  the 
nozzle  and  baftles,  nozzle  diameter,  gas  velocity,  mass 
flow  of  gas,  and  the  physical  constants  of  the  power-gas 
and  drug  solution.  Jet  nebulizers  produce  a  range  of  par- 
ticle sizes,  which  is  a  distribution  termed  "polydisperse"  or 
"heterodisperse,"  in  contrast  with  "monodisperse"  aero- 
sols.'' The  mass  median  aerodynamic  diameter  (MM.'XD) 
is  the  median  droplet  size  of  the  cloud  of  aerosol  particles. 
Particles  of  1-5  ju.m  diameter  have  a  higher  probability  of 
reaching  the  lower  respiratory  tract  than  do  larger  parti- 
cles."' However,  there  is  a  trade-off  between  particle  size 
and  drug  amount.  With  spherical  particles,  the  mass  of 
drug  varies  directly  as  the  third  power  of  the  particle  ra- 
dius. An  increase  in  particle  size  gives  an  exponential 
increa.se  in  drug  mass,  but  the  converse  is  also  true.  With 
aqueous  solutions  the  extremely  large  surface  area  created 
by  aerosol  particles  and  a  dry  power-gas  cause  consider- 
able evaporation  and  substantial  cooling  of  the  nebulizer, 
because  of  latent  heat  of  vaporization,  to  approximately 
1 0  C  below  ambient  temperature,  within  minutes. '"  Higher 
power-gas  flows  can  increase  the  amount  of  temperature 
drop  in  some  nebulizers."  The  amount  of  temperature 
drop  differs  among  nebulizer  brands,"  and  the  amount  of 
temperature  drop  is  less  with  a  partially  humidifled  power- 
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Fig.  2.  Functioning  of  a  small-volume  jet  nebulizer  with  respect  to 
output  rate,  solution  temperature,  and  concentration  of  solute  in 
the  solution  dunng  nebulization.  The  data  are  hypothetical  and  not 
based  on  actual  measurements  of  a  particular  brand  of  nebulizer. 

gas.  such  as  from  a  compressor,  than  w  ith  a  drier  gas.  such 
as  from  a  cylinder  or  v\all  outlet.'-  The  evaporation  also 
increases  the  solution's  drug  concentration  during  the  time 
of  operation. '"  "  '^  Dennis  el  al  found  an  increase  from  I  '/c 
to  y/c  using  -^  niL  of  a  solution  of  sodium  fluoride  in  a 
Wright  nebulizer — a  ZOO'^f  increase  in  concentration.'^ 
Concentration  increases  ranging  from  57c  to  over  37% 
have  been  found  with  other  jet  nebulizers,  using  albuterol 
solution.""  Figure  2  shows  a  generic  illustration  of  outpLit 
rate,  temperature,  and  solutit)n  concentration  for  a  typical 
small-\olume  jet  nebulizer.  In  the  first  minutes  the  output 
rate  falls  as  the  solution  temperature  drops  and  \iscosii\ 
and  surface  tension  increase.'"  A  plateau  is  then  reached  in 
both  output  and  temperature,  until  a  point  at  which  output 
decreases  precipitately:  this  is  usually  the  point  at  which 
the  level  of  liquid  in  the  reser\oir  falls  below  the  bottom 
of  the  capillary  feeder  tube.  At  that  point,  gas  is  drawn  up 
w  ith  the  liquid,  the  nebulizer  begins  to  sputter,  and  aerosol 
creation  is  intermittent.  Tapping  the  nebulizer  can  cause 
baffled  droplets  to  coalesce,  run  down  the  walls  of  the 
reservoir,  increase  the  solution  level,  and  temporarily  re- 
store aerosolization.  Ultimately  nebulization  ceases,  al- 
though the  nebulizer  contains  some  residual  solution  on 
the  apparatus  walls,  baffles,  and  at  the  bottom  of  the  res- 
ervoir chamber.  The  amount  of  that  remaining  liquid  is 
termed  the  "dead  \olume.""  which  in  most  small-volume 
nebulizers  is  appro.ximately  1  niL.'"  The  fact  that  most 
nebulizers  cannot  aerosolize  well  below  1  niL  is  the  reason 
that  a  bland  diluent  of  saline  or  water  is  added  to  a  0.5  niL 
drug  dose:  for  example,  albuterol  from  a  multi-use  bottle 
of  0.5'/f  solution.  Addition  of  the  diluent  is  not  to  weaken 
the  drug  solution,  but  is  in  fact  needed  if  any  aerosol  is  to 
be  produced,  and  increases  the  amoiuit  of  drug  emitted  b\ 
the  nebulizer.'" 
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Fig.  3.  Nebulization  time  is  a  function  of  both  the  power-gas  flow 
rate  and  the  fill  volume.  Lower  flow  rates  and  higher  fill  volumes 
increase  the  nebulization  time.  The  graph  shows  pooled  data  from 
17  nebulizers.  (From  Reference  17,  with  permission.) 


Variables  of  Nebulizer  Performance 

Several  variables  describe  the  nebulizer  performance. 
including  the  time  required  for  nebulization.  droplet  size 
produced,  and  drug  output. 

Nebulization  Time.  The  time  required  is  directly  propor- 
tional to  the  volume  of  si)lution  placed  in  the  reservoir  and 
inversely  proportional  to  the  power-gas  tlow  (Fig.  .3)."'^ 

Determination  of  nebulization  time  in  studies  differs 
because  it  is  difficult  to  decide  when  aerosolization  has 
ceased.  The  nebulization  time  depends  on  hov\  the  end 
point  of  nebulization  is  defined.  Kradjan  and  Lakshmi- 
narayan  defined  3  possible  end  points  for  nebulization: 
sputtering  time,  total  time,  and  clinical  time.'**  Sputtering 
is  the  point  w  hen  aerosolization  becomes  eiTatic.  as  noted 
by  seeing  and  hearing.  Total  time  is  when  production  of 
aerosol  ceases.  Clinical  time  is  between  sputtering  and 
total  time,  and  appro.ximates  the  point  when  a  patient  or 
therapist  typicall\  stops  a  treatment.  With  a  3  mL  \olume. 
averaged  o\'er  .5  nebulizer  brands,  the  sputtering,  clinical, 
and  total  times  were  lueasured  as  7.3,  9.9.  and  I2.S  min. 
respecti\el\.  by  Kradjan  and  Lakshminarayan."*  Nebuli- 
zation time  may  also  be  defined  as  the  point  30  seconds 
after  sputter,  with  or  without  tapping,  although  this  can 
introduce  greater  subjecti\  it\  in  the  measuiement.  Regard- 
less of  the  end  point  chosen,  it  is  miponant  thai  studies 
define  the  end  point  clearly,  in  oriler  to  allow  comparisons. 

There  is  e\  idence  to  suggest  that  nebulization  time  var- 
ies directK  with  the  viscosity  of  solutions.  Antibiotic  so- 
lulions  can  be  more  \iscous  than  aqueous  bronchodilator 
solutions  and  can  require  more  powerful  compressors  lie, 
higher  power-gas  tlows)  to  keep  nebulization  times  from 
being  prolonged.  Hess  et  al  found  that  the  a\eragc  nebu- 
lization lime  pooled  for   17  nebulizers,  using  albuterol. 
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Fig.  4.  A.  Effect  of  power-gas  flow  rate  on  mass  median  aerody- 
namic diameter  (MMAD),  with  smaller  particle  sizes  at  higher  pow- 
er-gas flow  rates.  The  graph  shows  pooled  data  from  17  nebuliz- 
ers. B.  MMAD  for  17  nebulizer  brands,  pooled  for  all  power-gas 
flow  rate  settings.  (From  Reference  17,  with  permission.) 


with  4  mL  volume  and  6  L/min  power-gas  flow,  was  ap- 
proximately 1.^  min.'^  Newman  et  al  investigated  nebu- 
lized gentamiein  solution  with  4  ditferent  nebulizers  and 
found  that  4  nil.  (160  mg)  at  6  L/min  power-gas  flow 
required  between  17  and  25  min.'''  The  approximate  av- 
erage time  pooled  for  the  4  nebulizers  was  20  min.  That 
study  recommended  flows  of  10-12  L/min  or  a  high-flow 
compressor  for  nehulizalion  of  antibiotic  solutions. 

Particle  Size.  Particle  size  is  a  major  factor  influencing 
the  probability  of  drug  particles  reaching  the  various  levels 
of  airway  generation.-"  Particle  size  produced  by  a  small- 
volume  jet  nebulizer  is  inversely  proportional  to  power- 
gas  flow  (or  compressor  pressure).  Hess  el  al  found  that 
the  MMAD  varied  inversely  with  power-gas  flow  rates 
between  6  and  10  L/min  (Fig.  4A).'^  In  that  study  the 
percentage  of  1-5  /xm  particles  increased  with  higher  pow- 
er-gas flow  rates.  Similar  data  were  reported  from  the 
United  Kingdom  by  Clay  et  al  for  4  disposable  jet  nebu- 
lizers.-' Increasing  the  power-gas  flow  rale  produced 
smaller  particles  anil  reduced  nebulizalion  time.  Particle 
size  is  also  affected  by  the  physical  characteristics  of  the 
drug  solution,  such  as  surface  tension  and  viscosity.''' -- 
Hess  et  al  found  that  the  MMAD  produced  by  17  nebu- 
lizers differed  signiflcantly  (see  Fig.  4B).''  anil  the  per- 
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Fig.  5.  Effect  of  power-gas  flow  rate  (6,  8.  or  10  LVmin)  and  fill 
volume  (3,  4,  or  5  mL)  on  amount  of  drug  remaining  in  the  dead 
volume.  The  graph  shows  pooled  data  from  17  nebulizers.  (From 
Reference  17,  with  permission.) 


centage  of  1-5  /xm  particles  ranged  from  slightly  over 
307c  to  60%.  Clay  et  al  found  an  inverse  relationship 
between  the  MMAD  and  the  geometinc  standard  deviation, 
indicating  that  the  MMAD  was  smaller  but  the  aerosol  was 
more  heterodisperse  at  higher  flow  rates.-' 

Aerosol  Drug  Output.  The  primary  factors  affecting 
the  amount  of  aerosolized  drug  released  from  a  jet  nebu- 
lizer are  the  fill  volume  and,  secondarily,  the  type  of  neb- 
ulizer. Increasing  the  fill  \olume  results  in  lower  concen- 
trations of  drug  remaining  in  the  dead  volume  of  the 
nebulizer,  when  nebulizalion  ceases.  This  is  based  on  the 
following  relationship: 

Dead  volume  drug  (mg)  =  dead  volume  (mL) 

X  concentration  (mg/niL) 

With  a  theoretical  dead  volume  of  1.0  niL  and  assuming 
no  increase  in  concenlratiim  of  the  residual  solution  due  to 
evaporation,  a  2  ml.  fill  \o1imiic  would  leave  at  least  half 
of  the  drug  in  the  dead  volume.  A  4  ml.  fill  \'olume  would 
only  leave  a  quarter  of  the  drug  in  the  dead  \olimie.  In 
reality,  evaporation  increases  the  concenlralion  of  the  so- 
lution remaining  in  the  nebulizer.'^  Increasing  the  All  vol- 
ume therefore  ivduces  or  "dilutes"  the  concentration  of 
drug  in  the  dead  volimie.  but  also  increases  nebulizalion 
time  (Fig.  5).'^  In  the  case  of  a  2.5  mg  dose  of  nebulized 
albuterol,  fill  volumes  of  3.  4.  and  5  mL  decrease  the 
amount  of  drtig  Icfl  in  the  deatl  \olimic  from  approxi- 
mately 1.4  mg  to  ap|iro\imately  1.15  mg  and  1.1  mg, 
respectively."  Determination  of  aerosol  output,  dead  vol- 
ume, and  remaining  drug  amount  depends  on  the  defini- 
tion of  "end  of  nebulizalion." 

The  type  of  nebulizer  can  also  affect  the  amount  of  drug 
available  for  inhalalioii.  De\adason  el  al  compared  4  neb- 
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ulizer  systems  (Acorn.  Acorn  plus  Mi/er.  Ventstream,  and 
Pari  LO  and  found  significant  tlifforcnces  in  the  delivery 
of  albuteriil  to  inspiratory  fillers,  langing  from  'J.^^'/r  to 
]9'7c  of  the  nominal  dose.-'  Barry  et  al  compared  outputs 
of  a  nebuli/ed  corticosteroid  (hutlesoniile)  from  the  Vent- 
stream,  the  Pari  LC  Plus,  and  the  Pan  l.C  Star,  using  the 
compressors  specified  for  each.  The  nebulizers  differed  in 
both  the  rate  of  output  (7..^-14..'^  ;ng/min)  and  the  total 
output  of  drug  collected  on  inspiratory  filters  (.^2..Vy|.9 
|i,g).  using  simulated  conditions  of  breathing.--* 

The  physical  properties  of  the  power-gas  and  the  solu- 
tion to  be  nebuli/ed  also  affect  nebuli/er  output.  Substi- 
tuting heliox  for  air  decreased  particle  size  and  inhaled 
drug  mass  significantly,  using  albuterol.-^  Nebuli/ed  al- 
buterol availability  was  greater  from  a  solution  containing 
the  preservative  benzaikonium  chloride,  because  of  the 
lower  surface  tension  produced  by  the  preservative  (35.0  ± 
0.5  millinewtons  per  meter  with  preservative  vs  70.5  ±  0.5 
millinewtons  per  meter  without).--  The  foaming  seen  with 
the  lower  surface  tension  from  the  preservative  resulted  in 
more  return  of  liquid  to  the  reservoir  and  a  smaller  dead 
volume  than  w  ith  the  preservative-free  solution,  with  w  hich 
large  droplets  adhered  to  the  nebulizer  walls  and  increased 
the  dead  volume.  Coates  et  al  also  found  that  nebulizer 
output  of  aerosolized  tobramycin  was  greater  with  the  ad- 
dition of  albuterol  containing  benzaikonium  chloride,  which 
lowered  the  surface  tension. -'' 

Advantages  and  Disadvantages  of  Jet  Nebulizers 

Table  I  lists  the  advantages  and  disadvantages  of  small- 
volume  jet  nebuli/ers.  Chief  among  the  advantages  is  the 


Table  I.      Advantages  and  Disadvantages  of  .Small-Volume  Jet 
(Pneumatic I  Nebulizers 

Advanttif^es 

■  Patient  hand-breathing  coordination  not  required 

•  Effective  when  used  with  normal  tidal  breathing  patterns,  with  no 
breath-hold 

•  Effective  with  low  inspirators-  Hows  or  volumes 

•  Ability  to  aerosoli/e  many  drug  solutions 

•  Ability  to  aerosolize  drug  mixtures  (>  I  drug),  assuming  suitable 
testing  of  drug  activity 

■  Drug  concentrations  can  be  modified  and  high  doses  are  possible 
Disadvantaiies 

•  Expense  of  equipment 

•  Equipment  is  cumbersome  and  lacks  portability 

•  Treatment  times  are  lengthy  and  include  set-up  and  cleaning  time 

•  Variability  in  performance  characteristics 

•  Possible  patient  auto-contamination  with  inadequate  cleaning 

•  Wet,  cold  spray  is  produced,  which  is  unpleasant  with  face-mask 
delivery 

■  Need  for  an  external  power  source  (electricity  and/or  compressed 
gas) 


simple,  tidal  breathing  pattern  usetl.  Complex  breathing 
manci:\ers  or  coordinalion  of  breathing  with  device  func- 
tion is  not  needetl.  Drug  tleliveiy  to  the  airway  is  over  a 
|ieriod  ol'  minutes,  with  dO-yO  breaths,  rather  ihan  depen- 
dent on  I  or  2  carefully  tiinetl  inspirations  vs  ith  particular 
llow  rates,  as  with  a  meteied-dose  inhaler  (Ml)l)  or  dry 
powiler  inhaler  (FJPI).  A  second  major  advantage  is  the 
abilitv  to  nebuli/e  variiuis  solutions  and  to  modify  solution 
concentration  and  thereby  the  amount  of  drug  delivered. 
Many  of  the  drugs  currently  used  in  the  United  States  for 
inhalation  treatment  of  pulmonary  disease  are  available  as 
nebuli/er  solutions,  and  some  of  these  drugs,  such  as  dor- 
nase  alfa  (Pulmozyme)  ami  inhaled  tobramycin  (TOBI) 
are  only  available  in  solution  form  for  nebuli/ation.  In  the 
United  States  the  use  of  nebulizers  in  home  therapy  is  paid 
for  by  Medicare,  whereas  other  inhaled  drug  formulations 
stich  as  MDI  and  DPI  are  not.  since  drug  therapy  for 
nonhospitali/ed  patients  is  not  generally  covered  by  Medi- 
care at  this  lime.  This  provides  an  additional  econoinic 
advantage  to  nebuli/ed  drug  therapy  for  a  certain  sector  of 
patients. 

The  chief  disadvantages  of  small-volume  jet  nebulizers 
are  the  size  of  the  equipment  (which  requires  a  power 
source),  the  inconveniently  long  treatment  time,  and  the 
equipment  set-up  and  cleaning.  In  addition  to  the  lack  of 
portability  and  slow  dosing,  disposable  jet  nebulizers  vary 
in  performance  among  samples  of  the  same  brand  and 
among  different  brands.  Hollie  et  al  showed  both  intranebu- 
lizer  and  internebulizer  variability  in  output  and  respira- 
ble-range  output  (the  "fine  particle  fraction")  for  the 
DeVilbiss  646  jet  nebulizer.-'  Alvine  et  al  e.xamined  8 
disposable  jet  nebulizer  models,  from  6  manufacturers, 
and  found  that  4  of  the  8  models  showed  visual  signs  of 
malfunction,  which  included  spraying  of  large,  visible  drop- 
lets, leaking  of  solution,  and  air  leaks  that  prevented  nebuli- 
zation  completely.  Variability  of  the  nebulization  rate  within 
a  specific  model  ranged  from  57%  to  1 29%.-'*  The  studies  by 
Hollie  et  al  and  Alvine  et  al  attributed  the  lack  of  reliability 
in  peiformance  to  poor  quality  control  by  manufacturers. 


Design  Variations  in  Traditional  Jet  Nebulizers 

Although  the  basic  design  I'f  jet  nebuli/ers  has  remained 
the  same  over  the  last  40-50  years,  within  the  last  10  years 
there  have  been  modifications  aimed  at  reducing  device 
loss  and  exhaled  loss  and  improving  drug  availability  to 
the  patient.  These  modifications  are  in  cuiTcnt  clinical  use. 
although  newer  developments  in  nebuli/ation  of  liquids 
are  also  occuiring.  Investigational  developments  are  not 
reviewed  herein. 

Dennis  conceptualized  3  categories  of  jet  nebulizer:  con- 
stant-output, breath-ejihanced.  and  dosimetric.''  ligure  6 
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6  "  length  tubing  To  patient 
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I-  Power  gas 
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Inspiration 
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Mouth  Piece 
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v/u////////////^ 


Power  Gas 


BREATH  ENHANCED  (OPEN  VENT) 


Inspiration 


Expiration 
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\_  Output 
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-Power  Gas 


DOSIMETRIC  (BREATH  ACTUATED) 


Inspiration 
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Fig.  6.  Jet  nebulizer  designs.  Aerosol  generation  and  delivery  are  shown  for  inspiration  and  expiration,  for  each  type  of  jet  nebulizer; 
constant-output,  breath-enhanced  (open-vent),  and  dosimetric.  (Partially  based  on  an  illustration  from  Reference  13.) 


shows  the  basic  designs  of  the  3  types  of  nebulizer  and 
their  aerosol  production  in  relation  to  the  respiratory  cycle. 

In  a  constant-output  device,  aerosol  is  produced  and 
released  constantly,  during  inspiration  and  expiration,  so 
aerosol  can  be  lost  to  the  environment  u  hcncvcr  inhalation 
is  not  occurring.  An  example  is  the  trailitional  nebuli/ei 
u  ith  a  mouthpiece  connected  to  a  T-piece  on  the  nebulizer 
cup.  such  as  the  Allegiance  Airlife  Misty-Neb. 

A  breath-enhanced  nebulizer  routes  inhaled  llov\  through 
the  nebulizer,  using  a  one-way  inspiratory  valve,  thereby 
increasing  the  number  of  aerosol  particles  in  the  inspired 
\oliinie.  During  exhalation  the  inspiratory  val\ e  closes  and 
aerosol  is  sonicv\hal  conlained  in  lljc  iichuli/er.  althouszh 


aerosol  generation  continues  and  there  is  exhaled  loss. 
This  design  has  been  referred  to  as  "open  vent,  breath 
assisted."'  Example  include  the  Ventstream  and  the  Pari 
LC  Plus. 

A  dosimetric  nebulizer  releases  aerosol  only  during  the 
inhalation  cvcle.''  This  can  be  achieved  by  generating 
aerosol  oiiIn  during  inspiration,  using  a  manual  interrupter 
for  the  power-gas  (as  in  the  Pari  LL)  or  a  spring-loaded 
valve  (as  in  the  AeroEclipse)  or  by  containing  all  aerosol 
in  the  device,  with  no  release  during  expiration  (as  with 
the  Circulaire).  Classifying  the  Circulaire  as  a  dosimetric 
device  could  be  questioned  because  the  device  nebulizes 
coniiiiuoLisl\.  but  h\  providing  a  system  of  aerosol  storage 
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Table  2.      Aerosol  Oulput  and  Disposition  from  Jel  Nebulizers* 


Total  Solute  (%) 

Total  Inhaled 

Lung 

O-P/slomach 

Device 
Constant  Output 

Exhaled 

Methods 

Reference  or 
Source 

In  Vivo 

Mini-Neb  (8  L/min) 

14(5.1) 

12.4(4.5) 

1.5(0.9) 

66.3  (8.6) 

19.7(3.9) 

Radiolabel 

29 

Misty-Neb  (7  L/min) 

— 

8.6(1.6) 

5.6  (3.3) 

37  (9) 

31.5(5.8) 

Radiolabel 

30 

Acorn  {6  L/min) 

9.35  (2.74) 

— 

— 

54.5(18.2) 

— 

Insp  filter 

23 

Acorn/Mi zer  (6  L/min  1 

13.85(5.45) 

— 

— 

55.7  (7.0)  plus 
7.7  (5.5)  in  Mi?er 

— 

Insp  filter 

23 

In  Vitro 

Sidestream.  Portanch 

15.3 

12.7t 

NA 

59.3 

25.4 

Chem  tracer 

31 

Hudson,  PulmoAide 

2'>  "> 

13.4t 

NA 

55.5 

22.3 

Chem  tracer 

31 

Cirrus.  PulmoAide 

18.3 

10.6t 

NA 

62.8 

18.9 

Chem  tracer 

31 

AeroTee  (6  L/min) 

32.0  (0.8) 

15.2(0.4)t 

NA 

NA 

— 

Spectrophot 

32 

Breath  Enhanced 

In  Vivo 

Pari  LC.  PariBoy 

— 

12.8(7.9) 

14.2(7.8) 

56.8(13.1) 

16.2(2.7) 

Radiolahei 

33 

Pari  LC  Star.  Proneb  Turbo 

— 

11. 1  (1.7) 

13.0(2.1) 

55.2  (3.4) 

20.6(1.2) 

Radiolabel 

34 

Pari  IS2  (own  compressor) 

— 

17.1  (8. .36) 

NA 

NA 

NA 

Radiolabel 

35 

In  Vitro 

Pari  LC  Plus.  PariBoy 

25.2 

13.8t 

— 

64.1 

10.7 

Chem  tracer 

31 

Pari  IS2.  Pari  Master 

39.4 

33.4t 

— 

44.7 

15.9 

Chem  tracer 

31 

Ventstream.  CR  50 

24.3 

17.9t 

— 

70.9 

4.8 

Chem  tracer 

31 

Pari  LC.  InhalerBoy 

19.02(5.78) 

NA 

— 

57.9(7.4) 

— 

Insp  tTlter 

23 

Ventstream  (6  L/min) 

17.2(6.83) 

NA 

— 

56.3(13.5) 

— 

Insp  niter 

23 

Pari  LC  Plus.  TurboBoy 

22.2(1.8) 

15.5t 

— 

— 

— 

Insp  filter 

24 

Ventstream.  Portaneb 

9.6  (2.4) 

8.35t 

— 

— 

— 

Insp  filter 

24 

Pari  LC  Star.  TurboBoy 

20.16(0.4) 

15.6$ 

— 

— 

— 

Insp  filter 

24 

Dosimetric 

In  Vivo 

Circulaire  (7  L/min) 

— 

12.8(5.1) 

1.1  (0.5) 

38(7) 

13.9(9.8) 

Radiolabel 

30 

Pari  LL.  Pari  Boy 

— 

II.I  (4.0) 

13.8(5.1) 

61.9(6.2) 

13.2(3.0) 

Radiolabel 

33 

In  Vitro 

Circulaire  (6  L/min) 

12.8(0.4) 

3.2  (0.4)t 

— 

— 

— 

Spectrophot 

32 

AeroEclipse  (8  L/min) 

50.8 

41.2 

9.6  (calculated! 

46.1  (calculated) 

3.1 

Filter.  HPLC 

Manufacturer 

AeroEclipse  (X  L/min) 

38.7(1. .^4) 

34.17(1.25) 

" 

51.0(2.1) 

6.6(3.1) 

Spectrophot 

Ari  et  al. 
20O2S 

*Jel  nebulizerN  in  .^  calegiines  con-slanl  oulpul.  breath  enhanced,  and  dosimclriL    in  some  in  viiro  sludie.s  Ihe  lung  dose  is  a  calculated  amount  hased  on  the  particle  si/e  distribution  of  the  aerosol 

produced  and  the  measured  inhaled  mass.  The  methods  column  indicates  the  pnmary  method  of  drug  collection  and  measuremenl 

O-P  -  oropharyngeal.  Insp  filter  =  inspiratory  filter  collection.  Chem  tracer  -  chemical  tracer.  Spectrophot  =  spectrophotomelnc   Radiolabel  -  radiolabeled, 

tMa-ss  <  5  /im 

tMasfi  <  6.1  fim 

HPLC  -  high  performance  liquid  chromatography 

§Unpublished  data.  An  et  al.  Georgia  State  University.  2002 


between  breaths,  aerosol  is  released  only  during  inhala- 
tion, which  is  the  defining  feature  of  a  dosimetric  device." 
Table  2  summarizes  studies  of  aerosol  output  and  dispo- 
sition for  constant-output,  open-vent  breath-enhanced,  and 
dosimetric  nebulizers. 


Constant-Output  Designs.  Most  disposable  small-vol- 
ume jet  nebulizers  typify  this  functional  category.  Figure  7 
shows  data  from  a  study  by  Lewis  and  Fleming  on  drug 
disposition  with  a  constant-output  nebulizer,  along  with 
ct)mparison  data  from  an  MDI. -''■"'  That  study  found  that 
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Fig.  7.  Disposition  of  total  drug  dose  with  a  constant-output  jet  nebulizer  (MiniNeb)  versus  a  metered-dose  inhaler  (MDI).  0-P  =  oropha- 
ryngeal. SVN  --  small-volume  nebulizer.  (Modified  from  Reference  29.) 


Extra  Air 
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Exhalation  port 
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Fig.  8.  Three  examples  of  constant-output  nebulizers.  A.  Acorn  with  Mizer  reservoir  chamber  attached.  B.  Sidestream  with  open  vent  for 
air  entrainment  by  nebulizer  venturi  effect.  0.  AeroTee  with  aerosol  storage  bag. 


IJ^c  of  the  nomiiiiil  dose  reached  the  lungs,  with  2'7f  to  the 
mouth  and  stomach.  66%  left  in  the  apparatus,  and  209f 
exhaled.-''  Combining  the  129?-  delivered  to  the  lungs  with 
the  2%  lost  to  the  oropharyn.x  and  stomach  gives  a  total 
inhaled  amount  of  149^  of  the  H)tai  dose.  The  dead-Nolumc 
loss  of  66''^f  agrees  well  with  the  data  of  Kradjan  and 
Lakshminara\an.  who  found  that  41-66'r  of  the  liUal  dose 
stayed  in  ihe  nehiili/er  under  simulated  clmical  condi- 
tions."^ Constanl-oulput  nehuli/ers  ha\e  been  criticized  as 
more  inefficient  than  other  aerosol  dcli\cry  methods  such 
as  the  MDI.  because  of  the  amoinii  ot  dru;:  left  in  the 


apparatus  and  exhaled.  The  traditional  jet  nebulizer  is  no 
more  inefficient  in  delivery  of  aerosol  drug  to  the  airways 
than  other  traditional  aerosol  de\ices.  The  pattern  of  loss, 
however,  differs  among  jet  nebulizers.  MDIs.  and  DPls. 
The  sizable  fraction  lost  to  the  nebulizer  apparatus  is  bal- 
anced b\  the  6()-S()'^f  orophaisngeal  and  stomach  depo- 
sition with  an  MDI  or  the  apparatus  and  oiophar\  ngeal 
tlcposiiion  wiih  a  DPI.'""  A  convincing  study  by  Zainu- 
din  el  al  showed  that  only  about  \(Wc  of  aerosolized  albu- 
terol reaches  the  lung,  regardless  of  whether  a  nebulizer, 
MDI.  or  DPI  is  uscd.'^  though  that  finding  might  not  apply 
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Fig.  9.  Two  examples  of  breath-enhanced,  open-vent  nebulizers.  Left:  Pari  LC  Plus.  Right:  Ventstream. 


to  newer  aerosol  devices,  some  of  which  are  discussed 
elsewhere  in  the  conference  proceedings  in  this  and  the 
following  issue  of  Respir.atory  Care. 

The  loss  of  aerosol  from  the  T-piece  of  a  constant- 
output  nebulizer  is  visibly  obvious  during  exhalation.  Ad- 
dition of  a  short  length  of  large-bore  tubing  to  the  outlet 
side  of  the  nebulizer  T-piece  represented  an  attempt  to 
reduce  e.xhaled  waste  and  improve  the  inhaled  dose.  A 
1989  in  vitro  study  by  Pisut  showed  an  approximate  in- 
crease of  20%  (from  12%  to  14.7%)  in  inhaled  dose  with 
use  of  large-bore  extension  tubing  on  the  expiratory  side 
of  the  T-piece."^  However  a  gravimetric  method  of  quan- 
tifying drug  delivery  was  used,  which  may  not  have  ac- 
curately reflected  drug  amounts. ''^■'''■^" 

In  a  study  by  Devadason  et  al.  using  volunteers  and 
inspiratory  filters,  the  Acorn  nebulizer  used  with  the  Mizer 
holding  chamber  (Fig.  8A)  increased  the  dose  of  inhaled 
aerosol  from  9.35  ±  2.74%  to  13.85  ±  5.45%.-'  A  similar 
difference  is  found  with  the  AeroTee,  which  attaches  a 
reservoir  bag  to  the  nebulizer  outlet  (see  Fig.  8C).  Piper 
found  that  the  AeroTee  delivered  a  total  inhaled  dose  of 
32  ±  0.8%  of  a  nominal  2.5  mg  dose  of  albuterol.'-  The 
mass  of  aerosol  in  the  1-5  /xm  range  was  15.2  ±  0.4%.  In 
the  same  study  a  Vixone  nebulizer  with  a  T-piece  (and  no 
reservoir  bag)  delivered  about  21%  of  the  total  dose,  of 
which  9.6%  was  in  the  1-5  [isn  range. 

.Another  modification  to  the  constant-output  nebulizer  is 
the  open  vent  of  the  Sidestream  (see  Fig.  (SB).  The  Side- 
stream's  T-piece  adaptor  has  an  open  venl  inlo  the  reser- 
voir, which  allows  continuous  air  entrainment  by  the  neg- 
ative pressure  of  the  \enturi  mechanism.'  This  increases 
air  tlovv  through  the  chamber  and  presumably  increases 


drug  particles  in  the  inspired  gas.  However,  the  same  mech- 
anism should  apply  during  exhalation.  Nebulization  time 
may  be  shorter,  but  inspiratory  aerosol  emission  may  be 
similar  to  expiratory.  This  design  is  considered  constant- 
output,  although  it  is  an  open  vent  design  as  well.-'" 
Using  in  vitro  methodology.  Dennis  found  that  the  Side- 
stream  emitted  a  total  inhaled  dose  of  15.3%  (458  /xL  of  a 
3  mL  volume),  which  does  not  differ  greatly  from  that  of 
other  constant-output  nebulizers."  The  manufacturer 
claims  that  the  Sidestream  produces  80%  of  particles  <  5 
jum,  compared  to  approximately  50%  from  traditional  con- 
stant-output nebulizers. 

Breath-Enhanced,  Open  Vent  Nebulizers.  This  cate- 
gory is  best  represented  by  the  Pari  and  Ventstream  nebu- 
lizers (Fig.  9).  The  Pari  LC  Plus  has  a  one-way  valve  in  the 
top  of  the  nebulizer  that  routes  inspiratory  flow  through 
the  chamber,  "enhancing"  the  flow  of  the  power-gas  and 
aerosol  delivery  during  inspiration.  The  Ventstream  has 
the  same  nebulization  chamber  as  the  Sidestream.  but  the 
T-piece  adaptor  that  attaches  to  the  nebulizer  cup  has  a 
flexible  membrane  inlet  valve  that  allows  inspiratory  flow 
through  the  nebulizer,  with  a  similar  one-way  expiratory 
valve  in  the  outlet  of  the  T-piece."  Dennis  compared  breath- 
enhanced,  constant-output  and  ultrasonic  nebulizers  and 
concluded  that  breath-enhanced  nebulizers  "may  promise 
better  performance  than  either  constant-output  Jet  or  ultra- 
sonic nebulizers.""  Knoch  el  al  found  in  2  studies  that 
output  with  the  Pari  IS2.  ihc  Pari  LC  Plus,  and  the  Pari 
Baby  increased  as  a  function  of  inspiratory  tlow.-"^-  Sim- 
ilar results  were  found  by  Coales  et  al,  who  compared 
tobramycin  delivery  from  an  open  vent  nebulizer  (Pari  LC 
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Fig.  10.  Two  examples  of  dosimetric  nebulizers.  Left:  Circulaire.  RIgfit:  AeroEclipse. 


Jet  Plus)  and  an  un vented  nebulizer  (Hudson  1730).'*-'  This 
results  from  the  design  feature  referred  to  as  "breath-en- 
hanced": the  inspiratory  flow  is  routed  through  the  nebu- 
lizer by  means  of  a  one-way  valve  or  simply  an  open  vent, 
resulting  in  more  aerosol  delivery  during  inhalation  than 
during  exhalation.  Larger  tidal  volume  or  longer  inspira- 
tory time  would  be  expected  to  have  the  same  effect.  Mea- 
surements of  total  inhaled  dose  with  the  Pari  LC  and  Pari 
LC  Plus  have  ranged  from  a  high  of  25%"  to  a  low  of 
19%. 23  However,  Newman  et  al  used  radiolabeling  and 
found  that  the  total  inhaled  dose  of  27%  with  the  Pari  LC 
(operated  continuously,  as  with  most  clinical  uses)  parti- 
tioned into  12.8%  lung  dose  and  14.2%  to  the  mouth  and 
stomach.''  Using  in  vitro  simulations.  Dennis  found  that 
the  Ventstream  delivered  a  total  inhaled  dose  of  24%, 
whereas  Barry  and  O'Callaghan  measured  only  9. 6%. -''•-" 
Dennis  employed  a  sodium  fluoride  tracer,  whereas  Barry 
and  O'Callaghan  used  a  budesonide  suspension,  which 
may  account  for  the  observed  difference  in  inhaled  dose. 
In  a  nebulized  suspension  the  solid  drug  particles  leave  the 
ncbuli/cr  through  the  medium  of  the  droplets;  if  a  solid 
drug  particle  is  larger  than  the  droplet,  it  will  be  trapped  in 
the  nebulizer.-*-* 

Dosimetric  Designs.  The  Circulaire  and  the  AeroEclipse 
nebulizers  (Fig.  10)  represent  2  approaches  to  inspiratory- 
only  aerosol  delivery.  The  same  result  can  be  achieved 
using  a  manual  (thumb-operated)  interrupter  with  a 
constant-output  nebulizer,  to  alternate  power-gas  How  to 
the  nebulizer  or  to  the  room.  However,  use  of  a  manual 
interrupter  with  a  constant-output  nebulizer  results  in 
unacceptably  long  treatment  times,  since  no  nebulization 
occurs  between  inspirations,  and  ihe  fill  volume  is  usually 
>  2.5  niL. 

The  Circulaire.  which  nebulizes  continuously,  contains 
the  aerosol  in  a  reservoir  bag.  and  has  a  one-way  valve 
between  the  bag  aiKJ  the  mouthpiece,  was  designed  in  an 


attempt  to  convert  a  constant-output  nebulizer  to  a  dosi- 
metric device.  With  correct  use  the  valve  design  allows 
release  of  aerosol  only  during  inhalation.  However,  if  re- 
moved from  the  mouth  with  no  inhalation,  some  aerosol 
may  escape  to  the  room  through  the  one-way  valve  as 
pressure  increases  in  the  storage  bag.  In  an  in  vitro  study. 
Piper  found  that  the  Circulaire  delivered  a  total  inhaled 
dose  of  0.32  ±  0.01  mg,'-  which  was  approximately  137f 
of  the  nominal  dose  of  2.5  mg  albuterol,  ll  should  be  noted 
that  the  emitted  dose  on  inhalation  was  not  measured 
directly,  but  calculated  based  on  intermittent  sampling. 
Mason  et  al  used  human  \  olunteers  and  fill  volumes  of  3.5 
mL  of  radiolabeled  saline  to  compare  the  Circulaire's  per- 
formance to  a  constant-output  nebulizer,  the  Misty-Neb.'" 
Subjects  breathed  normally,  and  the  nebulizers  were  pow- 
ered at  7  L/min  by  oxygen  from  a  wall  outlet.  Lung  dep- 
osition was  12.8  ±  5.1%  with  the  Circulaire  and  8.6  ± 
1.6%  with  the  Misty-Neb.  The  combined  lung  and  stom- 
ach amounts  compose  the  total  inhaled  dose,  which  was 
13.9%  with  the  Circulaire  and  14.2%  with  the  Misty-Neb. 
The  dead  volume  was  37%  with  the  Misty-Neb  and  38% 
with  the  Circulaire.  It  is  not  clear  why  the  dead  volume  is 
less  in  the  Mason  et  al  study  of  the  Misty-Neb  than  in 
Lewis  and  Fleming's  study  of  a  similar  conventional  neb- 
ulizer.-'' The  dead  volume  is  also  surprisingly  low  for  the 
Circulaire.  which  would  be  expected  to  have  large  aerosol 
loss  in  the  reservoir  bag.  This  nnght  be  accounted  for  it 
only  the  nebulizer  cup  and  not  the  entire  reser\oir  bag  and 
connecting  piece  were  measured. 

The  AeroEclipse  is  a  dosimetric  nebulizer;  it  generates 
aerosol  only  during  inspiration  and  is  a  "breath-actuated" 
device.  An  inspiratory  flow  of  approximalelv  6  L/min  ac- 
tivates the  one-way  valve  in  the  top  of  the  chamber  and 
begins  nebulization.  Manual  acti\ation  is  also  possible. 
Expired  aerosol  is  routed  through  a  one-way  valve  on  the 
nuHilhpiece.  The  AeroEclipse  is  designed  to  allow  nebu- 
lization with  much  smaller  fill   \iilumes  than  are  com- 


1266 


Rlspir.xtory  Care  •  November  2002  Vol  47  No  11 


Design  Princiim.is  oi  l.ini'ii)  Ni.mii  ization  Dlvichs  Curki  nh  n  in  Usi. 


DRUG  SOLUTION 


ACOUSTIC  WAVES 
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Fig.  1 1 .  Basic  design  and  function  of  an  ultrasonic  nebulizer,  which 
uses  a  piezoelectric  effect  to  produce  acoustic  energy  to  nebulize 
the  solution. 


monly  used:  the  manufacturer  claims  that  a  minimum  vol- 
ume of  1  mL  can  be  used.  Smaller  volumes  offset  the 
longer  treatment  time  otherwise  caused  by  nebulization 
during  inspiration  only.  An  in  vitro  comparison  by  Hess  et 
al  showed  that  the  inhaled  mass  in  the  fine  particle  fraction 
(<  4.7  /am)  range  was  approximately  20%  of  a  nominal 
2.5  mg  dose  of  albutere)l  with  the  AeroEclipse.  compared 
to  15%  with  the  Pari  LCD.^"  The  inhaled  mass  <  4.7  /xm 
was  only  about  5%  for  the  Circulaire  in  that  study. 

We  recently  compared  the  AeroEclipse  with  the  Pari 
LCD  and  the  Circulaire.  using  a  breathing  simulator  and 
albuterol  solution,  and  found  that  the  AeroEclipse  deliv- 
ered a  total  inhaled  mass  of  39  ±  1.34%.  compared  to 
15  ±  4.2%  with  the  Pari  LCD  and  8.7  ±  0.99%  with  the 
Circulaire  (unpublished  data).  The  estimated  lung  dose, 
based  on  amount  removed  by  a  United  States  Pharmaco- 
peia cascade  impactor  throat,  was  34%  with  the  Aero- 
Eclipse. 13%  with  the  Pari  LCD.  and  7%  with  the  Circu- 
laire. The  exhaled  dose  was  approximately  18%  with  the 
Pari  LCD.  127f  with  the  Circulaire.  and  7%  with  the  Aero- 
Eclipse. As  expected,  dosimetric  devices  ha\e  lower  am- 
bient loss,  with  the  breath-actuated  AeroEclipse  having  the 
least  exhaled  loss. 

Ultrasonic  Nebulizers 

Description  and  Basic  Function 

An  alternative  to  jet  nebulization  is  the  ultrasonic  neb- 
ulizer, which  aerosolizes  liquids  by  means  of  high-fre- 
quency acoustic  vibrations  produced  by  a  piezoelectric 
transducer  (Fig.  I  I ).  Ultrasonic  nebulizers  operate  at  high 
frequencies,  in  the  megahertz  range  (millions  of  cycles  per 
second),  and  with  power  ranges  below  30  watts/cm'.-"'  A 
distinction  can  be  made  between  higher  power  humidify- 
ing nebulizers,  referred  to  as  ""fogging  machines'"  in  older 


literature,  and  lower  power  drug  nebulizers.  The  continu- 
ously opei"ated  ultrasonic  nebulizers  had  a  high  output, 
used  a  continuous  liquid  feed,  and  v\cre  used  to  jirovide 
humidity  in  oxygen  tents  and  at  the  bedside.  Design  fea- 
tmes  included  either  a  Hat  or  focused  transducer  and  the 
|iresence  or  absence  of  a  couplant  liquid.  A  focused,  curved 
transducer  requires  a  precise  solution  level  for  aeix)soliza- 
tion.  A  couplant  can  protect  the  transducer  from  the  solu- 
tion to  be  nebulized  but  may  attenuate  the  acoustic  energy 
of  the  vibrations  produced  by  the  transducer.  Table  3  lists 
operating  specificatit)ns  from  manufacturers  and  available 
data  on  particle  size. 

Physics  of  Ultrasonic  Nebulization 

Piezoelectric  Effect.  The  piezt)electric  effect  is  the  abil- 
ity of  some  materials  to  convert  (transduce)  mechanical 
energy  to  electrical  energy,  and  vice-versa.  It  is  a  revers- 
ible, electromechanical  interaction  that  occurs  in  certain 
quartz  crystals  and  ceramics  such  as  lead  zirconate  titanate 
or  bariuiTi  titanate."^ '-^-  The  direct  piezoelectric  effect  is  the 
generation  of  an  electric  charge,  or  potential  difference, 
across  a  crystal  as  a  result  of  applying  mechanical  strain 
(expansion  or  contraction)  to  the  crystal.  The  reverse  or 
converse  piezoelectric  effect  is  the  opposite:  application  of 
an  electric  charge  causes  the  crystal  to  change  its  shape. 
Medical  ultrasonic  nebulizers  use  the  converse  effect.  The 
polarity  and  magnitude  of  the  charge  determines  the  di- 
rection and  magnitude  of  the  deformation  produced  (Fig. 
12).  When  an  alternating  electric  field  (alternating  polar- 
ity, alternating  cuirent)  is  applied,  the  crystal  expands  and 
contracts  at  the  saiTie  frequency  as  the  electric  field.  The 
magnitude  of  the  vibration  depends  on  the  magnitude  of 
the  applied  electrical  charge."^'  When  the  charge  is  re- 
moved, the  strain  stops,  and.  similarly,  removing  the  me- 
chanical strain  ends  the  charge  produced:  hence  the  re- 
versibility. Ceramics  such  as  lead  zirconate  titanate  have  a 
higher  piezoelectric  coupling  than  quartz  crystals:  that  is. 
there  is  a  larger  force  resulting  from  a  given  electric  sig- 
nal."^- The  most  common  materials  used  in  ultrasonic  gen- 
erators (in  order  of  increasing  theoretical  efficiency)  are 
quartz,  barium  titanate.  cobalt  barium  titanate.  and  lead 
zirconate  titanate.^"  The  term  ""piezo"  is  from  the  Greek 
term  "to  squeeze. ""  aptly  describing  the  behavior  of  a  pi- 
ezoelectric crystal."  The  direct  effect  was  originally  dis- 
covered by  the  Curie  brothers.  Jacques  and  Pierre,  in  1 880.^- 
The  converse  effect  was  predicted  the  following  year  by 
Lippmann.  and  then  \erified  by  the  Curie  brothers.'" •" 
Practical  applications  of  the  effect  did  not  appear  until  the 
20th  century.  One  of  the  most  common  applications  is  the 
battery-operated  "quartz  watch."  which  uses  a  quart/  pi- 
ezoelectric resonator  [o  regulate  the  electronic  clock  mech- 
anism.^' This  is  one  example  of  many  frequency  control 
and  timing  applications  of  quartz  crystal  devices.  Other 
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Table  3.       Selecled  Operating  Specificalions  or  Dala  for  Some  Ultrasonic  Nebulizers 


Nebulizer 

Transducer 
Frequency  (MHz) 

Oulpiil  Rale 
(niL/iniiil 

MMAD  (/xin) 

CMD 

ip-m) 

Source  or  Reference 

DeVilbiss  PulmoSonic 

2.4 

0.5 

<3.5 

— 

Manufacturer 

OeVilbiss  AeroSiinic 

2.25 

0.35 

1.8 

— 

Manufacturer 

— 

— 

4..54 

— 

31 

OMRON  NE-U03V 

65  kHz 

0.25 

range:  1-7 

— 

Manufacturer 

Bennett  US-I 

1.35 

S3 

— 

— 

Manufacturer 

DeVilbiss  S8(l  (1  and  2y* 

1.35 

— 

5.7 

3.5 

47 

DeVilbiss  880  {3  and  4)* 

1.35 

— 

6.9 

3.5 

47 

Misl-0,-Gen  EN  140 

1.4 

— 

6.5 

3.y-+.o 

47 

Monaghan  650  (5)* 

1.65 

— 

5.1 

— 

14 

Monaghan  (i50  (10)* 

1.65 

— 

5.2 

— 

14 

DeVilbiss  65 

1 .35 

— 

6.3-7. 1 

0.22^ 

-0.33 

48 

Monaghan  670 

1.65 

— 

5.2-5.7 

0.39- 

-0.4 1 

48 

Omron  NE-UIO 

1.7 

— 

6.2 

0.27 

48 

DeVilbiss  Pulmosonic 

1.25 

— 

6.4-6.8 

0.33 

48 

" 

— 

— 

5.4(0.1) 

— 

49 

Microstat 

1.8 

L  diameter 

4.02 

" 

31,50 

MM  AD  -  mass  median  aerodN  nam 

CMD  =  counl  median  diamclcr 

•Power  selling  un  net>uli/cr 

Piezoelectric  Effect 


Alternating 
Current 


Expansion 


t     t     t    j 

III! 


Piezoelectric 


r 


material 


■TTT 

.t±± 


Contraction 

Direct:  mechanical  strain  ->  electrical  signal 
Converse:  electrical  signal  ->  mechanical  strain 

Fig.  12.  The  relationship  between  an  electnc  current  and  the  change  of  shape  (expansion  anid  contraction)  of  a  piezoelecfric  material  such 
as  quartz  or  leaid  zirconate  tjtanate. 


uses  of  lliL-  piezoelectric  elTccl  inclu(.ic  iiltiasoiiic  cleaiicis. 
lighteis.  and  gas  grill  ignitions.  The  latter  2  items  use  the 
iJiiect  piezoelectric  elTect.  The  use  of  the  piezoelectric 
effect  ill  medical  ultiasoiiic  nebulizers  was  inlroduccd  in  the 


196()s.  The  tertn  "ultiasonic"  generally  refers  to  frequencies 
above  2().()(K)  Hz  (20  kHz).'^  The  range  of  frequencies  for 
medical  nebulizers  is  in  the  millions  of  hertz,  or  megahertz 
(MHz),  range,  and  hence  the  term  ultrasonic. 
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Fig.  13.  Quantities  used  to  describe  a  periodic  wave,  assuming  simple  harmonic  motion. 


Wave  Characteristics.  The  electrically  induced  expan- 
sion-contraction vibration  of  a  piezoelectric  crystal  pro- 
duces acoustic  waves.  A  wave  is  defined  as  a  periodic 
disturbance.  Assuming  that  only  simple  harmonic  molion 
is  involved,  there  are  5  quantities  given  in  standard  physics 
texts^  to  describe  a  periodic  wave: 

•  Period  (T):  the  time  for  1  complete  vibralii)n 

•  Frequency  (f):  the  number  of  vibrations  per  unit  time 

•  Amplitude  (A);  the  maximum  displacement  of  any 
particle  measured  from  its  equilibrium  position 

•  Wavelength  (A):  the  distance  between  any  2  succes- 
sive points  that  have  the  same  phase 

•  Wave  velocity  (v):  velocity  (distance/time)  with  wiiich 
any  specific  point  is  propagated 

These  quantities  are  illustrated  in  Figure  13,  for  a  wave- 
form with  a  period  of  1/1.350,000  s,  a  conesponding  fre- 
quency of  1.350.000  cycles  per  second  ( 1.35  MHz),  and  a 
wavelength  of  1  /xm.  An  amplitude  of  approximately  0.001 
cm  is  shown.  The  relationship  between  wavelength,  fre- 
quency, and  velocity  is; 

Wavelength  =  Velocity/Frequency 

or 

A  =  v/f 

Therefore,  velocity  for  the  latter  wave  would  be  calcu- 
lated with  the  equation: 

V  =  A  X  f 

Filling  in  the  values,  we  have 

V  =  I  jLim  X   1,350,000  cycles/s 

v  =  1.350,000  /xm/s  (1.35  m/s) 

The  quantities  of  frequency,  wavelength,  and  amplitude, 
along  with  the  concept  of  power  (in  watts  or  watt.s/cm  )  for 


the  electric  signal,  will  all  be  used  in  analyzing  aerosol 
production  by  ultrasonic  nebiili/crs. 

Theory  of  Aerosol  Production 

The  exact  mechanism  of  aerosol  production  with  ultra- 
sonic nebulizers  is  surprisingly  uncertain.  Originally,  ul- 
trasonic aerosol  production  using  the  piezoelectric  effect 
was  explained  based  on  capillary  wave  formation  (the  "cap- 
illary wave  theory"),  in  which  droplet  size  is  a  function  of 
frequency:  higher  frequencies  produce  smaller  droplets. 
The  work  of  Lang,  published  in  1962,  established  this 
theory  as  the  mechanism  of  ultrasonic  aerosol  generation.'^'' 
Lang's  equations  were  developed  mostly  with  thin  liquid 
films,  using  frequencies  in  the  range  of  10  to  800  kHz, 
which  is  lower  than  the  frequencies  of  medical  ultrasonic 
nebulizers.  In  1973,  Topp  found  that  the  capillary  wave 
mechanism  does  not  explain  well  the  broader  size  distri- 
butions with  larger  liquid  films,  nor  does  it  explain  the 
lack  of  correspondence  between  droplet  size  and  frequency 
in  the  megahertz  range  of  ultrasonic  nebulizers. '^'^  Cavita- 
tion phenomena  had  been  proposed  even  before  Lang's 
work,  to  explain  the  variation  in  aerosol  size,  and  subse- 
quently the  2  theories  were  related,  to  state  that  aerosol 
formation  takes  place  from  capillary  waves  driven  by  cav 
itation  bubbles. "^^  However,  in  ultrasonic  nebulizers  a  foun- 
tain is  created  that  emits  fine  mist.  The  process  of  fountain 
formation  and  disintegration  occurs  with  sufficient  inten- 
sity at  high  frequencies  (above  0.5  MHz),  with  fine  droplet 
formation  that  is  essentially  independent  of  the  frequen- 
cy.-** These  mechanisms  are  described  below.  Tradition- 
ally cited  reviews  of  the  mechanism  of  ultrasonic  nebuli- 
zation  give  only  the  equations  derived  by  Lang  for  the 
capillary  wave  theory. "■''''■■'^^ 
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Fig.  14.  A  possible  explanation  tor  aerosol  formation  by  an  ultrasonic  nebulizer.  Aerosol  is  produced  by  droplets  formed  from  instability  of 
capillary  wave  crests.  Cavitation  bubbles  are  formed  by  alternating  compression  and  expansion  of  solution  and  drive  the  formation  of 
capillary  waves. 


Capillary  Wave  Theory.  The  capillary  wave  theory 
states  that  aerosol  formation  begins  when  a  certain  thresh- 
old wave  amplitude  in  the  solution  is  induced  by  the  vi- 
brations of  the  piezoelectric  transducer.  At  that  threshold, 
small  waves,  termed  "capillary  waves,"  are  produced  on 
the  surface  of  the  solution.  The  threshold  amplitude  is 
calculated  as; 


4r/fA, 


(I) 


in  which  i'  is  kinematic  viscosity  of  the  solution,  f  is 
frequency  of  acoustic  waves  from  the  transducer,  and  A^  is 
capillary  \va\elenL'th.  As  the  acoustic  frequency  increases, 
the  threshold  for  aerosol  generation  decreases.  The  thresh- 
old also  increases  with  increasing  solution  viscosity.  Once 
this  threshold  is  exceeded  by  a  factor  of  approximately  4. 
capillary  waves  grow  until  instability  at  the  wave  crests 
produces  droplets.^"'''  Figure  14  illustrates  the  capillary 
wave  theory  of  aerosol  production  and  ca\  itation  effects. 
Capillary  wavelength  is  a  function  of  the  fret|uency  pro- 
duced by  the  piezoelectric  transducer,  and  is  calculated  as: 


Ak  =  (STry/pf-)' 


(2) 


in  which  y  is  the  surface  tension  of  the  solution,  p  is  the 
density  ot  solution,  and  I  is  the  acoustic  frequency  pro- 
duced by  the  piezoelectric  transducei'.  The  capillary  vva\e- 
length  is  inversely  related  to  frequency  and  density,  anil  ii 
is  directly  proportional  lo  surface  tension.  Lang  fouiul 
that  the  count  median  diameter  (CMD)  of  aerosol  droplets 


produced  is  correlated  to  the  wavelength  by  a  factor  of 

0.34:.'^4.56.,'57 


CMD  =  0.34  A, 


(3) 


Therefore  the  count  median  diameter  of  droplets  is  smaller 
with  smaller  wavelengths,  and  smaller  wavelengths  occur 
at  higher  frequencies  (Equation  2).  A  factor  of  0..^6  was 
subsequently  derived  for  the  prop<irtionality  constant,  for 
drop  formation  by  high-amplitude  capillaiy  waves. -"^-^ 

Cavitation  Effect.s.  Ultrasonic  cleaners  use  high  power 
with  low-frequency  ultrasonic  waves  to  produce  a  scrub- 
bing cavitation.  During  the  half-cycle  when  the  transducer 
moves  toward  the  solution,  there  is  compression  (high 
pressure).  When  it  moves  away  from  the  solution  in  the 
second  half  of  the  cycle,  there  is  rarefaction  (low  pres- 
sure). With  sufficient  power  (amplitude),  the  pressure  on 
the  liquid  can  be  below  the  liquid's  \apor  pressure  and 
minute  bubbles  are  formed.^-  The  formation  and  subse- 
quent implosi(Mi  of  \a|ioi  bubbles  is  called  ca\  itation.  The 
iiiviuifion  tliccry  poslulales  that  implosions  of  the  bubbles 
close  lo  the  liquiil  surface  generate  enough  disturbance  to 
produce  aerosol  droplets.  This  is  also  shown  in  Figure  14. 
The  merger  of  the  capillary  wa\e  theory  w ith  the  cav- 
itation theor>  led  to  the  proposal  that  ilroplei  formation 
occurs  from  capillary  waves  initiated  and  diivcn  b\'  ca\  i- 
lalion  bubbles."" "'' 

Fountain  Formation  and  Disintegration.  There  have 
been  several  cnlicisms  iif  the  capillary  wave  and  cavita- 
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Fig.  15.  Fountain  formation  occurs  at  the  frequencies  (  ■  0.8  MHz) 
and  power  levels  used  in  ultrasonic  nebulizers.  An  ultrasonic  foun- 
tain is  produced  by  radiation  pressure,  wfiich  results  in  a  fine  mist 
emitted  from  the  fountain.  Large  drops  produced  at  the  top  of  the 
fountain  fall  back  into  the  solution. 


tion  explanation  of  ultrasonic  aerosol  production.  It  is 
claimed  that  the  relationship  between  droplet  size  and 
acoustic  frequency  applies  from  about  10  kHz  into  the 
megahertz  range."  However,  Boucher  and  Kreuter  pointed 
out  that  the  relationship  between  droplet  size  and  frequency 
holds  at  low  frequencies,  below  about  0.5  MHz  (500  kHz), 
but  not  at  higher  frequencies  of  >  0.8  MHz  (800  kHz).-**" 
As  the  frequency  increases,  the  power  required  to  produce 
cavitation  increases.  At  800  kHz  (0.8  MHz)  the  frequency 
for  water  is  below  the  cavitation  threshold,  assuming  a 
power  of  about  10  watts/cnr.  Most  medical  ultrasonic 
nebulizers  use  <  50  watts/cm"  and  most  use  10-30  watts/ 
cm"^.  At  the  frequency  and  power  range  used  in  ultrasonic 
nebulization  a  different  mechanism  of  fountain  formation 
occurs.  As  shown  in  Figure  15,  at  this  higher  frequency 
there  are  no  cavitation  bubbles.  A  strong  upward  force 
aligned  on  the  transducer's  main  axis  pushes  a  column  of 
liquid  into  the  air.  This  force  is  due  to  radiation  pressure, 
not  acoustic  pressure,  and  is  calculated  by: 


Pr  =  W(  1  +7)  dyn/cm- 


(4) 


formation  along  the  height  of  the  fountain.  Boucher  and 
Kreuter  found  that  at  frequencies  higher  than  about  0.5 
MHz,  fountain  disintegration  becomes  the  predominant 
factor,  and  no  theoretical  or  experimental  formula  relating 
droplet  size  to  frequency  has  been  established  for  this 
mechanism.^''  At  identical  power  output  there  is  no  reason 
to  expect  large  variation  in  size  distribution  of  droplets 
produced  at  frequencies  >  0.5  MHz.-"'  The  capillary  wave 
mechanism  and  conesponding  relationship  of  droplet  size 
to  solution  wavelength  and  frequency  also  do  not  explain 
the  fact  that  the  size  distribution  of  aerosols  becomes 
broader  with  larger  solutions  (thicker  films). '^  In  support 
of  this,  Boucher  and  Kreuter  refer  to  data  published  by 
Mercer  et  al  on  aerosol  size  with  3  ultrasonic  nebulizers 
(Table  4).-"-'^ 

The  MMAD  is  calculated  using  Lang's  equation  for  the 
capillary  wave  theory,  which  states  that  particle  count  me- 
dian diameter  decreases  with  higher  frequencies. ■*■"'■*  But 
increasing  frequencies  of  the  3  nebulizers  does  not  result 
in  a  trend  of  decreasing  particle  size.  Boucher  and  Kreuter 
noted  that  the  air  stream  pattern  with  ultrasonic  nebuliza- 
tion may  influence  particle  size,-"'  but  Sterk  et  al  evaluated 
9  different  ultrasonic  nebulizers  and  found  that  the  volume 
median  aerodynamic  diameter  was  inversely  related  to  the 
ultrasonic  frequency,  with  an  r  value  of -0.66.-***  This  may 
imply  that  droplet  size  is  influenced  by  frequency,  as  stated 
by  the  capillary  wave  theory,  but  that  other  factors  are 
involved,  including  baffling  of  particles  by  internal  geom- 
etry and  air  flow  effects. 

Comparison  of  Ultrasonic  and  Jet  Nebulizers 

There  are  several  differences  in  operating  features  be- 
tween jet  and  ultrasonic  nebulizers  (Table  5).  Small-vol- 
ume jet  nebulizers  generally  have  a  lower  rate  of  output 
than  ultrasonic  nebulizers,  but  particles  produced  by  jet 
nebulizers  tend  to  be  smaller.  Sterk  et  al  found  that  solu- 
tion output  from  ultrasonic  devices  was  2-10  times  greater 
than  that  from  jet  nebulizers.  The  droplet  size  generated  by 
jet  nebulizers  was  1 .5-4  /Lim.  whereas  with  ultrasonic  nebu- 


where  W  is  the  energy  density  in  ergs/cm^ ,  and  y  is  the 
ratio  of  speciflc  heats  of  the  irradiated  medium.-*''  This 
pressure  causes  the  fountain  characteristic  of  medical  nebu- 
lizers. In  the  range  of  0.5  to  4  mHz,  the  nebulization  is 
essentially  independent  of  the  frequency  and  there  seems 
to  be  no  cavitation.^''  Aerosol  formation  occurs  with  an 
increase  in  the  ultrasonic  intensity  above  some  critical 
value.  At  medium  power  (<  30  watts/cm")  the  aerosol 
formation  occurs  in  the  lower  part  of  the  fountain.  Fine 
droplets  are  released  in  bursts  in  that  region,  at  regular 
intervals  of  a  few  hundred  per  second.  At  a  much  higher 
power  (>  30-50  watts/cm~)  there  is  continuous  aerosol 


Table  4.       Operating  Frequencies.  Calculated  Mass  Median  Diameter, 
and  Measured  Mass  Median  Diameter  for  3  Ultrasonic 
Nebulizers 


Frequency 
(MHz) 

Calculated 
MMAD  (/xm) 

Measured 
MMAD  (iim)* 

Mist-0,-Gen  EN  140          1.4 
DeVilbiss  8X0                       I.3.S 
Ultramisl  III                          0.8 

3.7 
3.8 
4.9 

3.9 
3.5 
3.9 

MMAD  ^  muss  mcdi.in  iiL-KHlyiiiiinic  diuniflcr 
•Based  ini  Ldstade  impaction 
(Adapted  from  Reference  47  ) 
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Table  5.       CtimpariMin  ot  General  Operating  Fealures  and  Et'tccts  of 
Jet  and  Ullrasonie  Nebulizers 


Jet 

Ultrasonic 

Output  rate 

Lower 

Higher 

Particle  size 

Smaller 

Larger 

Temperature  (solution) 

Cools 

Heats 

Solution  concentration 

Increases 

No  change 

Dead  volume 

Smaller?* 

Larger?* 

'Lmlc  dat;i  avuilublc 

(Adapted  from  F<cti;a-rii.c  4^  i 

lizers  the  diameter  range  was  3-7  fim.-***  The  output  of  the 
ultrasonic  nebulizer  is  a  function  of  the  power  setting. 
which  regulates  the  amplitude  of  the  acoustic  waves  pro- 
duced. Boucher  and  Kreuter  measured  the  aerosolization 
rate  with  the  DeVilbiss  880.  which  offers  variable  power 
settings.  The  power  setting  1  on  the  DeVilbiss  880  repre- 
sented 35  watts  and  produced  an  output  rate  of  5 1  mL/h.-"' 
At  the  highest  power  setting  (4.  equivalent  to  120  watts), 
the  output  rate  was  340  mL/h.  Ultrasonic  nebulizers  for 
drug  inhalation,  such  as  the  AeroSonic  or  PulmoSonic.  do 
not  usually  allow  variation  of  the  power  setting. 

Temperature  change  during  nebulization  also  differs  be- 
tween jet  and  ultrasonic  nebulizers.  The  acoustic  energy 
imparted  to  the  solution  in  an  ultrasonic  nebulizer  causes 
aerosol  production,  but  much  of  the  energy  dissipates  as 
heat.-'''-5"  Phipps  and  Gonda  found  that  nebulizer  solution 
temperature  with  a  Mist-O^-Gen  EN  143 A  increased  over 
30  min  from  about  23°  C  to  over  40°  C-  Niven  et  al  also 
found  that  solution  in  an  AeroSonic  increased  from  20°  C 
to  over  50°  C.^"  In  addition,  that  study  found  a  sizable 
differential  between  the  temperature  in  the  fountain,  which 
was  hotter,  and  the  surrounding  solution.  Fink  and  Uster 
reported  a  24°  C  increase  with  the  Siemens  345  ultrasonic 
nebulizer.-''*'  A  deviation  from  this  general  trend  with  ul- 
trasonic nebulizers  was  seen  in  a  study  by  Dennis  et  al,  using 
the  Microinhaler  ultrasonic  nebulizer,  in  which  solution  tem- 
perature rose  only  1  degree  after  6  minutes.''^  The  amount  of 
power  and  the  duration  of  the  acoustic  vibration  probably 
influence  heat  production  in  the  solution. 

Niven  et  al  found  that  the  increase  in  solution  temper- 
ature is  associated  with  an  increase  in  aerosol  output  from 
an  ultrasonic  nebulizer.  Solute  output  increased  more  than 
5-fold  as  solution  temperature  increased  from  approxi- 
mately 21°  C  to  50°  C,  using  lactate  dehydrogenase.'^"  The 
increased  output  was  not  due  to  concentration  increases, 
since  only  a  5.59f  increase  in  concentration  occurred  over 
the  10  minutes  of  testing.  An  alternative  explanation  is  that 
the  increase  in  temperature  decreases  solution  viscosity.  In 
the  capillary  wave  theory  the  threshold  for  capillary  wave 
formation  and  aerosol  production  is  directly  proportional 
to  viscosity.  However.  Ni%en  ct  al  pointed  out  that  the 


change  in  viscosity  of  water  between  20"  and  50  C  is 
small,  on  the  order  of  0.5  centipoises.^" 

A  third  difference  between  jet  and  ultrasonic  nebulizers 
is  the  effect  of  the  nebulization  process  on  solution  con- 
centration. As  early  as  1976.  in  a  study  by  Ferron  et  al 
evaluating  both  jet  and  ultrasonic  nebulizers,  it  was  ob- 
served that  evaporation  in  a  jet  nebulizer  cools  the  solution 
and  increases  the  concentration  of  the  remaining  solution.'-* 
Ferron  et  al  found  no  change  in  a  concentration  of  salt 
solution  nebulized  by  a  Monaghan  650  ultrasonic  nebu- 
lizer. Dennis  et  al  also  found  that  the  Microinhaler  ultra- 
sonic nebulizer  dissipated  4  out  of  an  original  5  niL  of 
solution  with  no  change  in  the  reservoir  concentration  of 
the  fluoride  solution.'^  Because  of  this  lack  of  e\aporation 
and  concentration  change,  use  of  weight  change  (gravi- 
metric method)  to  estimate  aerosol  output  is  relatively  ac- 
curate with  an  ultrasonic  nebulizer.'^ 

There  are  few  data  available  on  drug  mass  in  the  dead 
volume  with  ultrasonic  nebulizers.  However,  a  study  by  New- 
man et  al.  using  hypertonic  0'7c)  saline  containing  280  mg  in 
4  niL  of  solution,  compared  dead  volume  mass  of  the  Pul- 
moSonic and  the  DeVilbiss  646 jet  nebulizer.  The  PulmoSonic 
left  an  average  ±  standard  deviation  of  1 .32  ±  0. 1 6  mg  in  the 
residual  solution,  whereas  the  jet  nebulizer  left  0.88  ±  0.06 
mg  at  6  L/min  and  0.56  ±  0.03  mg  at  12  L/min.-"' 

Advantages  and  Disadvantages  of  Ultrasonic 
Nebulizers 

Table  6  simimarizes  the  advantages  and  disadvantages 
of  ultrasonic  nebulization.  Ultrasonic  nebulizers  require 


Table  6.      Advantages  and  Disadvantages  of  Ultrasonic  Ncbuli/crs 

Ailvunki^cs 

■  Patient  coordinalion  not  required 

•  Portable 

•  Dose  modification  and  high  doses  possible 

•  Rapid  nebulization  and  small  solution  amounts  compared  to  jet 
nehulizers 

•  No  aerosol  loss  during  exhalation 

■  No  use  of  propellants.  such  as  CFCs  or  HF.\s 

■  Small  residual  drug  (dead)  Milume 

•  Quiet  operation 
nisajvanuiges 

■  Expensive 

•  Lack  of  durability 

•  Need  for  external  power  source  (alternating  or  direct  current) 

•  Length  of  time  for  set-up.  treatment,  cleaning 

•  Possible  contamination  with  inadequate  cleaning 

•  Possible  drug  degradation 

•  Inability  to  nebulize  suspensions  well 

•  Increased  viscosity  and  surface  tension  limit  abilit\  to  nebulize 

•  Possible  airway  irritation  with  bland  solutions 

•  l:lcctrolvle  imbalance  in  infants  v\  ith  continuous  inhalation 
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inil\  A  luiniKil  hivatliiiii:  patleni  and  offer  faster  nohuli/a- 
tioii  and  thus  shi>rtcr  treatment  limes.  Nevertheless,  jet 
iiebuli/ation  remanis  the  mi>ie  eommon  methcul  in  tiie 
United  States  and  piohabls  ihicuighoul  the  wurki.  perhaps 
beeause  of  the  liiiilier  eost  and  lower  diiiabihts  of  ultra- 
sonie  nebuii/ers. 

Another  eoneern  about  ultrasonic  nebiili/alion  is  over 
the  effects  of  intense  ultrasonic  vibration  on  drug  stability. 
Two  effects  with  ultrasonic  nebuli/aiion  could  affect  diug 
stability.  The  heat  produced  with  sufficient  power  and 
time  could  degrade  thermolabile  proteins.  It  has  been  re- 
ported that  insulin  was  inacti\ated  by  ultrasonic  nebuliza- 
tion.^"  Dornase  alfa  (ihDNase)  can  be  aggregated  by  ultra- 
sonic nebuli/ation  if  the  melting  temperature  of  the  protein 
is  exceeded.^"  A  test  protein,  the  enzyme  lactate  dehydro- 
genase (LDH).  was  completely  inactivated  after  20  min  of 
operation  of  an  AeroSonic  nebulizer.^"  The  other  effect  is 
the  theoretical  potential  to  break  co\alent  bonding  w ithin  a 
chemical  stmcture.  by  the  sizable  g  forces  generated  with 
ultrasonic  vibration.  Boucher  and  Kreuter  calculated  that  a 
frequency  of  800  kHz  (0.8  MHz)  at  10  watts/cnr  could 
produce  a  maximum  acceleration  of  183,000  g  in  the  solu- 
tion.-"' Acceleration  values  >  500,000  g  could  easily  break 
single,  double,  and  triple  bonds.'"' 

The  physicochemical  properties  of  the  drug  solution  may 
also  affect  an  ultrasonic  nebulizer's  ability  to  create  a  suit- 
able aerosol.  The  threshold  amplitude  for  nebulization  to 
occur,  as  shown  in  Equation  I,  is  directly  propoitional  to 
solution  \  iscosity.  Higher  viscosity  raises  the  threshold  for 
aerosol  formation.  Boucher  and  Kreuter  examined  aero- 
solization  of  Ale\aire  (a  compound  of  tyloxapol,  bicar- 
bonate, and  glycerin,  which  is  no  longer  available)  and 
Mucomyst  (N-acetylcysteine).  and  reported  that  higher- 
viscosity  solutions  are  difficult  to  nebulize.  They  stated 
that  the  threshold  viscosity  was  about  10  centipoises.  and 
above  that  level  aerosol  output  declined.-"'  McCallion  et  al 
found  that  droplet  size  was  proportional  to  viscosity  (not 
just  acoustic  frequency)  and  that  more  viscous  solutions 
had  longer  nebulization  times,  with  lower  total  and  respi- 
rable  outputs.""  No  nebulization  occurred  above  certain 
\  iseosities. 

There  is  evidence  that  with  an  ultrasonic  nebuli/er  drug 
suspensions  do  not  nebulize  as  well  as  solutions.  In  a 
solution,  drug  particles  are  dissolved  into  a  homogeneous, 
single,  liquid  phase,  whereas  a  suspension  is  a  dispersion 
of  particles  in  a  liquid.  Both  jet  and  ultrasonic  nebulizers 
show  significant  differences  in  output  between  solutions 
and  suspensions.'''  Nikander  reported  that  a  conventional 
jet  nebulizer  (Spira  E4)  and  a  dosimetric  ultrasonic  nebu- 
lizer (Spira  Ultra)  gave  an  inhaled  mass  of  479^  and  48%, 
respectively,  with  terbutaline  solution,  but  only  32'7(  and 
9.8%.  respectively,  with  budesonide  suspension  (Fig.  16). 
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Fig.  16.  Ability  of  a  jet  nebulizer  (Spira  E4)  and  an  ultrasonic  neb- 
ulizer (Spira  Ultra)  to  aerosolize  a  solution  of  terbutaline  versus  a 
suspension  of  budesonide.  (Based  on  data  from  Reference  61 .) 


Similarly,  the  Pulmosonic  gave  a  much  higher  output  with 
a  solution  of  sodium  chloride  than  with  a  suspension  of 
budesonide.-*^  For  a  jet  nebulizer,  if  a  solid  drug  particle  is 
larger  than  the  droplet  produced,  the  particle  is  trapped  in 
the  nebulizer.-*-'  which  limits  total  output.  With  ultrasonic 
nebulizers  it  is  theorized  that  suspended  particles  settle 
and  thus  tend  not  to  reach  the  surface  where  nebuli/ation 
occurs.-*-* ''- 

The  larger  aerosol  ouipiU  seen  with  ultrasonic  nebuliz- 
ers contributes  to  some  iif  the  hazards  listed  in  Table  6. 
."Mrway  irritation  and  changes  in  pulmonary  mechanics 
and  blood  gases  have  been  reported  with  inhalation  of 
bland  solutions."''*''  This  was  particularly  noted  in  patients 
with  chronic  obstructi\e  pulmonary  disease,  who  experi- 
enced a  5-22  mm  Hg  decline  in  P.,o,"^  There  was  also  a 
case  report  of  a  3-day-old  baby  boy  who  developed  edema, 
polyuria,  and  hyponatremia  while  on  ventilatory  support 
using  an  ultrasonic  nebulizer  for  humidity.'''' 

Suniniarv 


In  the  closing  of  the  20th  century  the  role  of  nebulizers 
in  delivering  aerosolized  drugs  began  to  broaden  beyond 
the  topical  treatment  of  pulmonary  diseases.  The  large 
surface  area  provided  by  the  airways  for  the  systemic  ab- 
sorption of  drugs  is  leading  to  the  aerosolization  of  drugs 
such  as  insulin  and  morphine.  The  ability  to  aerosolize 
various  solutions  makes  nebulizers  attractive  and  feasible 
for  aerosol  treatment  of  both  pulmonary  and  nonpulmo- 
nary  diseases  and  problems.  But  such  uses  demand  greater 
efficiency  and  precision  from  nebulizers,  some  of  which 
are  discussed  in  the  other  conference  reports  in  this  and  the 
following  issue  of  Risimratorv  Care. 

Considering  the  designs,  advantages,  and  disadvantages 
of  current  jet  and  ultrasonic  nebulizers,  it  is  obvious  that 
neither  type  provides  the  ideal  medical  inhaler  device. 
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Table  7.       Criteria  lor  an  Ideal  Medical  Inhaler  in  Relation  to  Jet  and 
Ultrasonic  Nebulizer  Function  and  Features 


Ideal  Inhaler 


Jet 


Ultrasonic 


Dose  reliability,  reproducibility,  accuracy 

Small  particle  size  ot  l-.'i  ;um 

Simple  to  use  and  handle 

Small  si/e.  easy  to  cam 

Multiple  dose  capability 

Resistance  to  bacterial  contamination 

Durability 

Cost  effectiveness 

Minimal  or  no  dead  volume 

No  ambient  aerosol  contamination 


No 

Yes 

Yes 

Yes 

Yes/No* 

Yes/No* 

No 

No 

No 

No 

No 

No 

Yes 

No 

Yes 

No 

No 

No 

No 

No 

•Yes:  palienl  brealtiing  coordinuuon  not  rcL|Uired.  No 

confusing. 

(Adapted  from  Reference  67.1 


.■intily  and  cleaning  can  be 


Table  7  compares  Wolff  and  Niven's  criteria  for  a  perfect 
aerosol  device  with  the  features  of  current  jet  and  ultra- 
sonic nebulizers.'''  Newer  aerosol  device  designs  will  need 
to  administer  drugs  quickly  and  efficiently,  with  dose- 
reproducibility  and  without  the  need  of  complex  breathing 
maneuvers,  in  an  easy-to-use  device  that  is  durable  and 
cost-effective  and  that  causes  no  ambient  contamination 
by  lost  aerosol. 
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Discussion 

Hess:  Joe.  from  a  clinical  perspec- 
tive, can  you  give  me  any  suggestions 
as  to  when  I  would  want  to  use  an 
ultrasonic  nebulizer  rather  than  a  jet 
nebulizer? 

Rau:  \'ou  know.  I  ha\e  to  be  can- 
(Jid  and  say  I  really  don't  have  a 
good  reason  to.  myself.  They  are  cer- 
tainly convenietil.  and  it"s  claimed 
that  they  can  aerosolize  at  a  much 


faster  rate.  That  may  be:  however. 
Dr  Dennis's  data  don't  support  that. 
Truthfully.  1  think  if  you  take  all  the 
factors  into  consideration,  such  as 
cost  and  durability.  1  think  the  jet 
nebuli/er  dominates  the  tnarket.  and 
that's  why  it  dominates  the  tnarket.  1 
don't  ktiow  of  a  good  reason  li)  use 
an  ultrasonic  nebulizer. 

Dennis:  I  want  to  compliment  you 
oti  summarizing  a  broad  area.  How- 
e\er.  I  think  it's  mavbe  a  bit  danszer- 


ous  to  generalize  about  jet  \ersus  ul- 
trasonic nebulizers,  because  within 
each  category  there  is  so  much  \aria- 
tion.  We  tend  to  generalize  on  the  ba- 
sis of  what  we  see  in  the  literature. 
Wo  find  some  useful  references  and 
we  draw  our  conclusions  I'rotu  what's 
published  or  what  we  find,  but  tlial's 
often  not  very  comprehensive,  so 
there's  a  lot  ttiore  information  otil 
there. 

It's  difficult  to  getierali/e  atid  make 
conclusions  baseil  oti  what  we  see  in 
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tlie  liteiaUiiv  and  llic  litcraliire  people 
leference  when  there  coiikl  be  a  lot 
more  iiit'ormation  i)Ut  lliere.  or  a  lot  ot 
work  ihal  hasn't  heen  done,  or  that's 
been  done  and  not  seen  the  Hght  ot 
day.  To  generalize  about  pert'ornianee 
ditferenees  between  deviees  ean  be 
divisi\'e.  but  it  lias  to  be  done,  be- 
cause how  else  can  we  deal  w ith  the 
subject'.' 

Rau:  I  did  really  find  a  trend  [see 
Table  2  and  Figures  3,  4.  and  5|.  but  1 
agree  with  you  that  differences  in  the 
testing  conditions  can  make  quite  a 
difference.  I  think  in  your  study  you 
used  3  nil.  with  the  ultrasonic  nebu- 
lizers. I'm  not  quite  sure  how  low  you 
can  go  in  filling  volume  with  them. 
There  may  be  a  little  more  versatility 
with  an  ultrasonic  nebulizer  regarding 
the  volume  to  be  nebulized  than  there 
is  with  a  jet  nebulizer.  I  know  when 
we  studied  the  Microstat  nebulizer  in 
the  hospital,  the  major  claim  was  that 
you  can  put  a  very  small  amount  of 
albuterol  in  there  and  decrease  the  neb- 
ulization  time.  So  I  think  your  point  is 
well  made,  and  certainly  the  condi- 
tions of  testing  have  a  lot  to  do  with  it. 

Dennis:  I'll  note  a  point  about  test 
ciinditions.  v\  hich  relates  to  some  work 
I  did.  I  was  doling  contract  work  on 
behalf  of  a  manufacturer  (and  ac- 
knowledged that  in  the  report)  but  ihey 
selected  the  volume  fill  for  testing.  If 
the  fill  had  been  different,  say  2  niL 
or  l..*^  niL.  I  wouldn't  say  the  order  ol 
results  would  be  different,  but  you  can 
certainly  make  the  results  look  very 
preferable  by  the  choice  of  fill  vol- 
ume— forget  other  methods  of  testing. 
That's  within  the  same  paper,  within 
the  same  technique,  and  if  you  look  at 
the  differences  between  papers  it's 
\ery  ditficult  to  generalize  and  judge 
what's  real.  What  we  should  depenii 
on  is  useful  information. 

Smaldone:  I  enjoyed  your  presen- 
tation. I  thought  it  was  a  very  difficult 
subject,  and  I  agree  with  the  comments 

reizardins  generalization.   Reeardins: 


the  issue  of  the  wa\es  and  the  lack 
ihereol  versus  the  fountain  in  an  ul- 
liasonic  nebulizer,  from  an  engineer- 
ing point  of  \iew,  those  observations 
reminded  me  ot  the  old  physics  ex- 
periments on  wave  propagation  and 
summation.  Possibly  the  waves  arc 
there  and  the  foimtain  is  really  a  co- 
incidence summation  effect  from  the 
waves  and  possibly  the  size  of  the 
chamber,  and  therefore  the  wavelength 
is  important.  That  is,  the  waves  prob- 
ably reflect  off  the  side  of  the  cham- 
ber and  add  up  to  make  the  fountain. 
In  those  old  physics  experiments  you 
would  have  probes  bouncing  in  a  pool, 
and  you'd  watch  waves  come  off,  and 
then  as  they  interact  with  the  walls  of 
the  pool  and  cause  refiection  you  can 
get  either  additive  effects  or  canceling 
effects.  It  could  be  that  the  chamber  size 
is  critical  in  terms  of  designing  the  aero- 
sol output  of  ultrasonic  nebulizers. 

Rau:  That's  a  good  point,  and  it 
reminded  me  of  something  I  failed  to 
mention.  Certainly  it's  been  theorized 
that  part  of  the  effect  on  the  particle 
size  is  the  gas  tlow  through  the  cham- 
ber, whether  it's  an  inspiratory  tlow 
or  a  constant  gas  flow  in  the  nebu- 
lizer, as  well  as  the  internal  geometry 
that  creates  some  baffling  within  the 
nebulizer,  but  recent  reviews  suggest 
you're  absolutely  right.  I  think  the 
problem  is  that  we  have  not  seen  a 
really  lucid  explanation  of  how  atom- 
ization  occurs  in  medical  ultrasonic 
nebulizers,  taking  into  account  the  fre- 
quencies and  amount  of  power  used. 
Recent  rev  lews  all  cite  the  sort  of  stan- 
dard dogma  of  the  capillary  wav  e  the- 
ory that  Robert  Lang  described.'   ' 
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Smaldone:  Right.  I  he  mechanism 
could  still  be  wave  related,  and  the 
reason  you  see  a  fountain  and  don't 
see  waves  is  that  the  waves  are  all 
adding  up  into  a  fountain.  Regarding 
the  particles,  the  conditions  after  the 
particles  are  created  arc  probably  just 
as  important  in  an  ultrasonic  nebulizer 
as  they  are  in  a  jet  nebulizer.  The  pri- 
mary particles  often  have  very  little  to 
do  with  what  you  get  for  secondary 
particles. 

Tom  O'Riordan  and  I  did  a  study 
with  the  FisoNeb'  that  involved  ac- 
tual clinical  aerosol  delivery  measured 
with  that  device,  and  the  FisoNeb 
(which  lost  out  in  the  pentamidine  era, 
probably  due  to  marketing  and  polit- 
ical issues)  was  a  very  effective  de- 
vice. It  delivered  aerosol  much  inore 
rapidly  than  the  Respirgard  nebulizer, 
and  it  was  an  effective  delivery  sys- 
tem. Bench  studies  that  we  did  on  that 
device-  suggested  that  its  characteris- 
tics were  largely  due  to  internal  baf- 
fling, which  enabled  it  to  take  larger 
droplets  and  make  a  small-droplet,  re- 
spirable  aerosol:  and  the  U'catment  time 
was  quite  short.  So,  again,  there  may  be 
general  points  that  can  be  made,  but  the 
specific  issues  can  be  important. 
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Barry:  Thanks  for  an  excellent  pre- 
sentation. One  aspect  that  you  didn't 
cover  about  jet  nebulizers  w  as  the  com- 
pressor. One  of  my  interests  is  in  high- 
altitude  medicine,  and  when  we  tried 
to  nebulize  at  an  altitude  of  5, ()()() 
meters  the  jet  nebulizers  didn't  work, 
because  the  compressors  didn't  work. 
I  think  people  often  forget  that  the 
compressor  is  an  integral  part  of  the 
jet  nebulizer  and  must  be  considered 
w  ilh  it.  and  that  one  aspect  of  nebu- 
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lizers  is  whether  you  can  use  them  at 
altitude  with  cdristaiit  output,  ^'ou  also 
see  reiiuced  iiehuli/ei  output  at  about 
2,000  leet:  in  Colorado,  for  instance. 
it's  an  issue.  .So  it  "you're  using  a  com- 
pressor, that  has  to  be  ccinsidercd  as 
part  ot  the  ncbnii/er  system. 

Rau:      Absolutely! 

Fink:*  I  am  tamiliar  v\  ith  John  Den- 
nis's concept  of  continuous  breath- 
enhanced  and  breath-actuated  nebuliz- 
ers, but  I  v\as  surprised  that  you 
described  the  Circulaire  as  a  dosimet- 
ric device,  because  it  looks  more  like 
the  Piper  de\  ice  than  the  AeroEelipse. 
Clearly .  friini  \our  data  the  Circulaire 
was  much  less  efficient  than  breath- 
enhanced  or  breath-actuated  nebuliz- 
ers. 1  tend  to  think  of  dosimetric  nebu- 
lizers as  those  used  in  pulmonary 
function  labs,  which  are  breath-actu- 
ated. Why  did  you  extend  the  defini- 
tion lo  include  the  Circulaire? 

Rau:  I  am  not  sure  that  we  would 
agree  that  dosimetric  implies  only 
breath-actuated.  Maybe  we  can  reach 
consensus  at  this  meeting,  which 
would  be  helpful  to  all  of  us.  I  think. 
I  based  it  on  the  delivery  of  aerosol 
only  during  inspiration. 

Inspiratory-only  delivery  can  be 
achieved  in  3  ways  that  I  know  of. 
One  is  with  the  breath-actuated  Aero- 
Eclipse,  which  is  probably  the  most 
sophisticated  device  at  the  moment. 
Second  is  to  use  a  simple  thumb  in- 
terrupter, which  is  something  we  used 
to  do  years  ago:  the  Pari  LL  uses  that 
technology.  The  third  is  the  system 
used  by  the  Circulaire.  because  of  its 
\al\ing  mechanism. 

That  method  may  be  the  crudest  of 
the  }.  I  don't  think  it  works  very  well, 
to  be  blunt:  my  measurements  indi- 
cated that  it  only  delivers  about  6  or 
7%  of  the  inhaled  mass,  although  that 
conflicts  with  some  of  the  available 
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data.  The  data  from  Mason  [see  Table 
2 1  did  not  even  add  up  to  I  OO'/r . '  Where 
was  the  other  4()''(  that  was  never  ac- 
knowledged? Presumably  it  was  in  the 
C^irculaire's  bag.  But  the  reported  12% 
that  was  delivered  to  the  lung  was 
pretty  optimistic.  Piper's  study-  and 
my  study  (unpublished  data)  found 
that  about  (i-l'/t  in  vitro  would  reach 
the  lung. 
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Fink:  Well.  I  would  propose  that 
perhaps  it's  inore  appropriate  to  con- 
sider the  Circulaire  as  a  continuous 
nebulizer  w  ith  reservoir  system,  rather 
than  a  breath-actuated  or  dosimetric 
device. 

Rau:  1  think,  then,  that  the  issue 
becomes  how  you  define  dosimetric? 

Fink:      That's  right. 

Rau:  I  was  generous  in  that  defini- 
tion and  therefore  included  the  Circu- 
laire w  ith  the  dosimetrics. 

Fink:  I  understand,  but  I  am  con- 
cerned that  that  broad  definition  might 
generate  some  confusion  as  the  clini- 
cal community  attempts  to  understand 
the  impact  of  the  operating  principles 
of  these  nebulizers. 

Dunne:  Regarding  the  single-pa- 
tient-use, disposable  jet  nebulizer; 
have  you  researched  the  performance 
decay  of  those  devices  over  time?  They 
are  so  mass-produced  and  relatively 
inexpensive. 

Rau:  No.  and  that's  a  good  question. 
I  don't  know  if  anyone  has  any  data 
on  their  life  span  or  shelf  life  or  how 
long  a  patient  should  use  them  at  home. 


In  ihc  hospiial  it's  iioi  that  much  of  an 
issue,  because  thev  use  it  for  several 
days  and  then  change  it  out.  But  at 
home  it  is  an  issue.  When  do  you  tell 
a  patient  to  replace  that  nebulizer? 

Snialdonc:  That's  a  very  good  ques- 
lioti.  You  have  lo  thank  AstraZeneca 
lor  some  of  this  work,  because  in  bring- 
ing budesonide  to  the  market  they  did 
test  the  delivery  systems  over  time. 
For  example,  the  Pari  device  has  been 
tested  maybe  60  times  in  a  row  (the 
same  device),  and  that  is  not  part  of 
the  testing  required  under  section 
5IO(k)  I  of  the  Food,  Drug,  and  Cos- 
metics Act|.  That  study'  was  driven 
by  the  supporting  pharmaceutical  com- 
pany for  the  specific  drug.  It's  an  im- 
portant regulatory  issue  that  has  not 
been  formally  addressed  by  the  Food 
and  Drug  Administration.  The  fact  that 
most  devices  are  approved  for  single- 
use-only  gets  them  off  the  hook.  Yet. 
in  reality  most  nebulizers  are  expected 
to  be  used  repeatedly.  If  there's  going 
to  be  a  drug  involved  with  the  device, 
then  more  attention  might  be  paid  to 
those  issues,  but  right  now  I  don't  think 
it's  a  requirement,  so  it's  up  to  the 
user  to  decide  what  to  do. 
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Dolovich:  There  has  been  work  done 
on  reproducibility  of  different  units  of 
the  same  type  for  repeated  use  by  pa- 
tients. One  of  the  concerns  at  the  time 
was  that  some  of  the  jet  nebulizers 
had  a  baffle  insert  that  was  removed 
for  cleaning.  The  baffle  slipped  over 
the  top  of  the  capillary  tube  that  draws 
up  the  liquid,  and  if  the  battle  was  not 
positioned  correctly,  aerosol  delivery 
was  affected.  So  you  just  need  to  go 
back  into  some  of  the  earlier  literature 
and  have  a  look  at  those  papers.  It  still 
may  be  an  issue. 

My   other  comment   is   that  one 
should  consider  other  uses  for  these 
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devices,  ullrasoiiic  or  jel.  and  I  iiieii- 
lioii  this  because  it  yDn're  doing  spu- 
tum iiKJuction.  lor  example,  you  don't 
want  to  use  a  sniali-parlicle.  low-out- 
put Jet  nehuli/er.  \'ou  want  a  large- 
particle,  high-volume  nebuli/er  to  en- 
able the  saline  to  target  the  central 
airways.  So  that  means  an  ultrasonic 
nebuli/er  such  as  the  FisoNeb.  which. 
unt'orlunalely.  burns  out  at'ler  7-10 
minutes.  We  use  a  bank  of  nebulizers 
and  keep  changing  theni  in  order  to 
get  our  samples.  .So  there  are  lots  of 
clinical  issues  to  consider  when  using 
nebulizers. 

I  wonder.  Joe.  whether  you  could 
give  us  a  sense  of  the  number  of  new 
devices,  jet  or  ultrasonic,  that  are  put 
on  the  market  every  year.  In  other 
words,  new  \ariations  on  the  same 
theme.  Are  manufacturers  coming  out 
with  new  types  ot  nebulizers  that  aren't 
really  detailed  in  the  literature'? 

Rau:  1  don't  know  what  the  data  on 
that  is.  It's  almost  a  marketing  ques- 
tion, and  I  admit  I'm  not  sure.  My 
clinical  sense  is  that  it's  not  a  huge 
number.  We've  got  this  cadre  of  dis- 
posable jet  nebulizers  that  dominates 
most  of  our  aerosol  device  use,  but  I 
don't  know  the  answer  to  that. 

Barry:  In  a  |ct  nebulizer  does  the 
baffle  only  filter  out  large  particles  (ir 
does  it  have  a  role  in  generating  small 
particles'.' 

Ran:  I  think  the  latter — the  former 
uihI  the  latter,  to  some  extent.  The  ul- 
timate aerosol  particle  emitted,  as  1 
understand  it.  is  a  function  of  that  bat- 
tling system.  In  the  process  of  that 
battling  there  is  a  good  degree  ot  rain 
out  and  coalescence  that  drains  back 
into  the  reservoir,  until  ultimately 
enough  aerosol  gets  out  and  it  begins 
to  sputter.  But  that  baflling  process 
certainly  cicates  those  smaller  parti- 
cles. The  secoinlarN  droplets  are  much 


smaller  than  the  primars  droplets  at 
the  jet  where  the  2  fliuds  mix.  That's 
my  Luiderstanding  ol  it. 

Geller:  Most  literature  from  com- 
pressor manufacturers  slates  that  the 
device  puis  out  a  certain  liter  flow, 
and  yet  when  you  put  a  resistance  on 
it.  it  changes  the  liter  How.  depending 
on  the  resistance  of  the  device.  Some- 
times the  compressor  puts  out  almost 
no  How  when  that  happens.  Can  you 
comment  about  compressors  and  w  hat 
the  end  users  can  expect  from  them. 

Rau:  That's  a  good  question,  i  did 
not.  as  Peter  Barry  acknowledged,  say 
much  about  the  compressor-nebulizer 
combination,  but  the  compressor  is  a 
key  factor.  That  reflects  my  back- 
ground, because  1  primarily  use  wall 
flow  meters  with  .'iO  psi.  so  we're  able 
to  get  6,  8,  or  10  liters  without  any 
problem. 

The  subject  of  compressor-jet  com- 
binations could  make  a  30-minute  talk 
in  and  of  itself.  Generally,  there  are 
high-,  middle-,  and  low-power  com- 
pressors, and  Steve  Newman  has  done 
a  lot  of  work  on  that  subject,  to  iden- 
tify the  higher  power  nebulizers.'  If 
you  need  to  nebulize  a  more  viscous 
solution,  such  as  tobramycin  or  cer- 
tain antibiotic  solutions.  Newman 
showed  that  you  need  the  most  pow- 
erful compressor. 

The  problem  yoLi  mentioned  is  im- 
portant; when  manutacturers  specify 
the  compressor  output  they  always  do 
it  with  an  open  output  and  no  resis- 
tance attached.  The  rcul  question  is. 
"What  is  the  How  rale  gisen  a  certain 
resistance?"  And  the  answer  differs 
among  the  \arious  nebulizers.  That's 
the  other  variable  that  comes  into  play, 
^'ou  ha\e  to  test  the  compresst)r  w  ith 
the  particular  nebulizer  that's  going  to 
be  used,  because  the  nebulizers  differ 
in  resistance  as  well,  which,  in  turn, 
will  Lleteiiiiine  the  flow  I'atc.  But  it's 


clear  that  with  less  \  iscous  solutions, 
such  as  the  bronchoddatoi"  solutions, 
you  can  use  the  lov\er  flow  rate  and 
get  away  w ith  it.  whereas  with  higher- 
viscosity  solutions  you  cannot. 
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Maclntyre:  You  showed  a  lot  of 
\  ariabilily  in  the  lung  deposition  data. 
A  lot  of  it  is.  of  course,  due  to  differ- 
ences in  the  designs  of  the  systems, 
but  how  much  of  it  might  be  related  to 
other  factors,  such  as  nonstandardiza- 
tion  of  the  flow  rates  and  the  tidal 
volumes  and  things  like  that,  which 
also  affect  lung  deposition'? 

Rau:  1  would  certainly  answer  that, 
first,  the  conditions  of  testing — the  fill 
volume,  the  flow  rate,  the  solutions 
being  tested — definitely  influence  the 
data  you  get.  There's  been  some  in- 
teresting data  from  Hollie  et  al'  and 
Alvine  et  al-  on  nebulizer  performance 
variability,  both  within  the  same  neb- 
ulizer model  and  between  models,  that 
showed  unacceptably  large  variabil- 
ity. They  attributed  it  to  poor  quality 
control  in  the  nebulizers"  production 
processes — the  plastic  injection  and 
flow  molding  processes.  That's  out- 
side iny  expertise,  but  they  did,  under 
the  same  conditions,  find  a  large  de- 
gree of  variability  within  the  same  neb- 
ulizer model  and  among  nebulizers. 
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For  both  lung  and  systemic  diseases,  aerosol  delivery  of  drugs  into  the  lungs  can  often  offer  substantial 
advantages  over  other  routes  of  administration.  In  the  intensive  care  unit,  however,  the  artificial  airw ay 
can  be  a  substantial  barrier  to  aerosol  delivery,  so  clinicians  must  pay  careful  attention  to  the  ventilator 
pattern,  the  delivery  gas  humidity/density,  the  device  characteristics,  and  the  circuit/tube  properties. 
When  those  are  optimized,  aerosol  delivery  from  a  nebulizer  or  metered-dose  inhaler  and  through  an 
endotracheal  tube  can  begin  to  approach  that  seen  in  a  nonintubated  patient.  Novel  approaches,  such  as 
generating  the  aerosol  within  the  airway,  olTer  the  opportunity  to  greatly  increase  deposition  efficiency 
and  focal  drug  targeting  in  intubated  patients.  Key  words:  nchuUzathm.  nebulizer,  aerosol,  ariifiekil 
uinmy.  endolraelieal  tube.     [Respir  Care  2()()2;47(  11):1279-1285| 


Introduction 

Medication  delivery  into  the  airways  of  intubated  pa- 
tients can  offer  substantial  advantages  over  parenteral  or 
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oral  administration  routes.'  '  For  medications  targeted  at 
lung  diseases  (Table  1 ).  a  higher  therapeutic  index  can  be 
achieved  with  drugs  delivered  directly  to  the  site  of  in- 
tended action,  with  little  or  no  systemic  exposure.  The 
lung  can  also  be  a  useful  portal  for  medications  designed 
for  systemic  targets,  because  drugs  that  can  easily  pass 
through  the  alveolar-capillary  interface  (eg.  insulin)  can  be 
exposed  to  a  large  lung  surface  area  in  contact  with  the 
entire  cardiac  output. 

Effective  aerosolized  medication  delivery  into  the  lungs 
of  intubated  patients  depends  on  many  of  the  same  factors 
important  in  nonintubated  patients:-*  efficient  device  out- 
put, small  particle  size,  low-velocity  gas  How.  large  in- 
spired volume,  and  breath-hold  at  end  inspuation.  The 
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Table  1.       Meilicalions  Suitable  lor  Nehuli/alioii  tci  an  Imuhaled 
Patient 

Liiiif;  Targeting 

•  Bronch(Hlilal(irs  (beta  agonists,  anticholinergics) 

•  Steroids 

•  Vasodilators  (nitric  oxide  carriers.  prosiac>clin) 

■  Anti-innammatoiy  agents 

•  Antibiotics 

•  Mucolytics 

•  Surfactants 

•  Genes 
SysU'iiiic  Targcling 

■  Insulin 


iiiluhalcd  paticiil.  however,  otters  addilioiial  challenges: 
tlie  aititieial  airway  is  a  different  geometry  than  the  natural 
airway:  the  aerosol  deli\ery  system  is  generally  attached 
to  the  ventilator  circuit  in  which  heat,  humidification.  and 
bias  gas  flows  may  be  present:  pressure  gradients  down 
the  airways  are  different  than  during  spontaneous  breath- 
ing: and  the  required  mechanical  ventilatory  pattern  may 
not  be  ideal  for  aerosol  delivery.  In  this  paper  I  review 
these  issues  and  examine  some  novel  design  concepts  that 
may  help  optimize  aerosol  delivery. 

Natural  Versus  Artificial  Airways 


Fig.  1  Sagittal  sections  of  the  upper  airway.  In  the  lower  panel  the 
contour  of  an  endotracheal  tube  placed  through  the  vocal  cords  is 
superimposed.  (From  Reference  5,  with  permission.) 


Figure  1  shows  the  normal  upper-airway  anatomy.'^  Note 
that  in  the  nonintubated  patient,  aerosols  generated  outside 
the  mouth  must  traverse  a  >  90°  course,  with  several 
points  of  sudden  narrowing,  to  reach  the  lower  airways. 
These  physical  attributes  provide  a  critical  normal  banier 
function  for  the  lungs  and  are  the  reason  that.  e\en  under 
the  best  of  conditions,  efficient  aerosol  deli\ery  in  a  non- 
intubated patient  can  be  a  difUcult  clinical  challenge. 

The  presence  of  an  artificial  airv\ay  (see  Fig.  I)  can 
additionally  impair  aerosol  delivery.  Typical  endotracheal 
tubes  (ETT)  considerably  narrow  the  passage  an  aerosol 
must  traverse  to  enter  the  lungs.  Moreover,  the  opening  of 
the  artificial  airway  into  the  trachea  may  be  angled  such 
that  gas  and  aerosol  flow  is  aimed  at  the  trachea  wall. 
Particle  velocity  and  turbulence  are  thus  increased,  which 
promotes  aerosol  deposition  along  the  walls  of  the  lube 
and  at  the  airway  opening.  Although  some  of  the  natural 
upper-airway  "choke  points'"  (eg,  vocal  cords)  are  elimi- 
nated with  a  smooth-bore  tube,  the  build-up  of  secretions 
inside  an  artificial  airway  can  add  focal  obstructions  that 
increase  tube  deposition.  Another  aspect  of  the  presence  of 
an  artificial  airway  is  that  it  prevents  the  aerosol  from 
contacting  the  oral  mucosa  or  gastrointestinal  tract,  so  sys- 
temic absorption  from  those  surfaces  is  eliminated. 


Assessment  of  Aerosol  Delivery  Through 
Artificial  Airways 

In  Vitro  Measurements 

Table  2  suminari/^es  lung  modeling  studies  of  the  per- 
formance of  aerosol-generating  devices  for  use  with  arti- 
ficial airways.''-'''  For  nebulizers,  deposition  rates  have 
ranged  from  as  low  as  \.2'7r  to  as  high  as  43%.'''-  This 
\  ariability  seems  largely  explained  by  differences  in  tech- 
niques (re\iev\ed  below)  and  underscores  how  aerosol  de- 
livers through  the  artificial  airway  is  particularly  sensitive 
to  those  differences. 

In  vitro  studies  of  metered-dose  inhaler  (MDIl  perfor- 
mance have  also  shown  considerable  variability,  w ith  ilep- 
osition  i-ates  of  5-39%  (see  Table  2)."- "'■'•'"  Again,  tech- 
nique factors  are  probably  responsible.  .Although  early  in 
V itro  studies  suggested  MDI  pertormance  may  have  been 
better  than  nebulizers,  later  studies  showed  that  when  nebu- 
lizers and  MDIs  are  used  optimallv  their  performance  ap- 
pears to  be  more  similar.'" 
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Tahic  2.      Aerosol  Deposition  Through  Arlificial  Airways:  In  Vitro  Studies 


Author 

Type* 

Deposition  (9^) 

Fuller" 

Jet 

1  ■) 

0"Dohertv" 

US 

3.1-5.4 

ORiordan* 

Jet 

3-37 

Thomas" 

US 

3-22 

Diot"' 

Jet 

43 

Keniming" 

US 

2.-1-3 1 

Harvey '  - 

Jet  aiul  US 

2.3-.^.3 

Fuller* 

MDI 

5.6 

Rau" 

MDl 

5-32 

Diol'" 

MDI 

15-25 

Everard'-" 

DPI 

20 

Fink'^i" 

MDI 

4.4-3'^) 

■All  dcs  ices  urc  in-linc 
US  =  uItni>oiiic 
MDI  =  iiiclcrcd-dose  inhaler 
DPI  =  dr>  powder  inhaler 


Comments 


Depends  on  inspiratory  time,  circuit  design 

Depends  on  device,  ventilation  pattern,  volume  Till,  luiniiditv 

Depends  on  device,  venlilalion  pattern,  circuit  design 

Dry  circuit,  long  inspiraloiy  limes 

liinillcd  through  lube;  \olumc-conlriilicd  \cnljlalioii  bcllcr  than  picssiirc-conliollcil  \cnlilalinn 

Jet  more  than  ullrasonic 

Spacer  improved  deposition 
Spacer  improved  deposition 

Depends  on  humidity,  propellant,  inspiratory  time,  spacer 


In  \'ivo  Assessments 

Table  ^  siminiari/es  in  \\\o  assessments.'^  --•  which  ai'e 
gciieralK  dime  usiiii;  ladiolabeled  aeriisols.  Again,  eonsid- 
erable  variability  is  seen  in  bulh  nebuii/er  and  MDI  per- 
formance (deposition  rates  of  2.2-30.6'7r  and  1.7-11%, 
respectively),  and  again  this  variability  seems  largely  due 
to  technique  factors.  Measuring  serum  or  urine  concentra- 
tions after  aerosol  administration  can  be  a  useful  way  to 
assess  how  much  of  an  aerosol  reached  the  systemic  cir- 
culation. A  recent  study  that  included  urine  assays  of  al- 
buterol showed  that  w  ith  an  MDl-with-spacer  system,  urine 


albuterol  was  389^  of  the  administered  dose,  as  compared 
to  \t)7c  when  given  via  nebulizer.-- 

In  comparing  in  vitro  and  in  vivo  measurements,  a  num- 
ber of  considerations  must  be  taken  into  account.-^  In  vitro 
tests  may  overestimate  delivery  because  they  are  often 
performed  in  nonhumidified  circuits,  the  tubes  are  clean 
and  well  positioned,  and  particles  that  would  be  exhaled  in 
vivo  are  trapped  by  the  in  vitro  system.  In  vitro  analysis 
also  ignores  regional  deposition.  In  vivo  scanning  may 
underestimate  delivery  because  of  tissue  attenuation  of  the 
signal  and  systemic  absorption  of  the  radiolabeled  inaterial 
before  scanning  is  complete. 


Table  3.       .Aerosol  Deposition  Through  Artificial  Airuays:  In  Vivo  Studies 


Author 


Type* 


Deposition  (%) 


Comments 


Maclnlyre'*  Jet 

Fuller'"  Jet 

Thomas-"  Jet 

O'Riordan-'  Jet 

Harvey'-  Jet 

Marik--  Jet 

Harvey-'  Jet/US 

Fuller'"  MDI 

Fuller-J  MDI 

Marik"  MDI 

•Ail  devices  arc  in-linc 
US  =  ulirasonic 
MDI  ^  metercd-doM;  inhaler 
DPI  =  dr>  pouder  inhaler 


2.9 
2.5 

2.2 

.30.6 

2.2-3.0 

1ft 

2..3-5.3 

6 

1.7-11 

9-38 


Dry  circuit,  tracheostomy 

Spacer  improved  deposition 

Urine  recovery  of  drug 

US  better  than  jet 

No  spacer  used 

Spacer  in  inspiratory  circuit  impnncd  deposition 

Urine  recovery  of  drug;  spacer  in  inspiratory  circuit  impnned  recmery 
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Comparison  of  Aerosol  Delivery  With  and  Without 
an  Artificial  Airway 

The  general  impression  is  tiial  acri'soi  deposition  through 
an  ETT  is  less  efficient  than  through  a  natural  airway,  but 
that  perception  is  based  largely  on  comparing  the  data 
(noted  abo\e)  from  intubated  models  or  patients  to  data 
obtained  in  separate  studies  in  nonintubated  patients.  A 
few  "head-to-head"  studies  do  exist,  however.  Our  1984 
study,  which  used  the  same  radiolabeled  technique  in  both 
intubated  and  nonintubated  subjects,  suggested  that  the 
ETT  substantially  reduced  the  amount  deli\ered  by  a  neb- 
ulizer system."*  In  a  study  comparing  MDI  delivery,  serum 
concentrations  per  puff  of  albuterol  were  also  lower  in  the 
intubated  patient  than  in  the  nonintubated  patient.-" 

Physiologic  (bronchodilatitr)  responses  to  intubated  and 
nonintubated  techniques  also  suggest  that  the  artificial  air- 
way reduces  deli\ery.  Specifically,  several  studies  have 
shown  that  additional  puffs  from  an  MDI  or  additional 
bronchodilator  dose  from  a  nebulizer  are  required  to  ob- 
tain physiologic  effects  comparable  to  those  seen  in  non- 
intubated subjects  with  standard  dosing.-^  -" 

The  bottom  line  is  that  using  traditional  approaches  to 
nebulization  and  MDI  therapy  in  intubated  patients  does 
seem  less  efficient  than  delivery  to  a  nonintubated  patient. 
However,  there  are  a  number  of  factors  that  can  be  opti- 
mized to  enhance  aerosol  delivery  through  the  ETT,  and 
when  those  are  all  used  it  is  conceivable  that  delivery 
through  an  artificial  airway  can  start  to  approach  that 
through  a  nonintubated  airway. 

Factors  Important  in  Optimizing  Delivery  Through 
an  Artificial  Airway 

Ventilation  Pattern  and  Timing 

In  lung  model  studies,  aerosol  delivery  was  substan- 
tially improved  by  slowing  inspiratory  flow  or  increasing 
the  percent  of  time  spent  in  inspiration.^'''"'"  '''  For  ex- 
ample, delivery  to  a  lung  model  increased  50-669f-  as 
inspiratory  flow  was  decreased  from  .'iO  L/min  to  22.5 
L/min  and  increased  over  .^-fold  when  the  inspiratory  time 
fraction  was  increased  from  2()'f  to  5()9( .  Larger  tidal 
voluine  also  improves  deposition,  but  it  should  be  recog- 
nized that  there  are  clinical  trade-offs  in\olved;  slower 
inspirator)  flow,  longer  inspiratory  time,  and  larger  tidal 
volume  may  result  in  air  trapping  or  lung  overdistention. 
and  those  breathing  patterns  can  be  inicomfortabic  for  the 
patient. 

Other  ventilatory  pattern  issues  are  also  important.  Tim- 
ing aerosol  delivery  to  inspiration  increases  efficiency  be- 
cause less  aerosol  is  wasted  during  expiration.  Patient  ef- 
fort during  ventilator-assisted  breaths  may  also  enhance 
delivery.-  Presumably  this  is  because  of  larger  pressure 


gradients  in  the  distal  airways  than  in  the  proximal  airways 
during  active  ventilatory  effort. 

Carrier  Gas  Properties 

There  are  2  important  properties  of  carrier  gas  relative 
to  aerosol  delivery:  humidity  and  density.  Humidity  can 
prevent  the  evaporation  of  some  aerosol  particles  or  greatly 
increase  the  particle  size  of  other  aerosols.'""'-^  Inappro- 
priate particle  sizing  from  humidity-induced  changes  can 
substantially  hamper  lung  deposition  and  may  explain  why 
deposition  in  earlier  in  vivo  assessments  of  nebulizer  per- 
formance in  humidified  ventilator  circuits  was  so  poor.  A 
number  of  recent  studies  showed  that  a  dry  carrier  gas  can 
as  much  as  double  aerosol  delivery  to  the  lung.'"'"  A 
trade-off  obviously  exists,  however:  though  short  treat- 
ments involving  brief  periods  of  dry  gas  delivery  may  not 
have  much  clinical  consequence,  if  the  treatment  period 
lasts  a  number  of  minutes  airway  desiccation  can  be  a 
serious  problem. 

Gas  density  can  also  affect  aerosol  delivery  character- 
istics. Specifically,  turbulent  flow  increases  particle  im- 
paction onto  surfaces,  thereby  reducing  distal  delivery. '■*'"> 
Reducing  gas  density  reduces  turbulence.  A  number  of 
studies  have  clearly  demonstrated  that  using  the  low-den- 
sity gas  heliox  (an  80%  helium,  20%  oxygen  mixture) 
improves  deposition  in  lung  models  by  as  much  as  50%.""-'" 
Heliox.  however,  should  not  be  used  as  the  power-gas  for 
a  nebulizer,  because  a  low-density  power-gas  substantially 
reduces  nebulizer  output. 

Nebulizing  Devices 

A  nebulizer  is  characterized  by  both  its  particle  size 
generation  and  its  output.  Efficiency  can  also  be  affected 
by  the  "'dead  \(ilume."  which  is  the  amount  of  liquid  re- 
maining in  the  nebulizer  (and  thus  wasted)  at  the  end  of 
nebulization. 

In  nonintubated  patients  the  "respirable  range"  of  aero- 
sol particles  is  1-5  /xm.^  Particles  larger  than  5  /J.m  deposit 
in  the  pharynx  and  upper  airways.  Particles  smaller  than  1 
jum  are  often  exhaled.  In  the  presence  of  a  narrow  ETT, 
particles  in  the  range  of  1-3  /am  appear  to  be  more  effi- 
ciently delivered  and  thus  should  be  the  target  particle  size 
for  devices  used  with  intubated  patients.'  '"'" 

Clinically  available  nebulizers  for  use  with  intubated 
patients  differ  markedly  in  their  output  and  particle  size 
properties,  depending  on  the  device's  design  and  the  prop- 
erties 1)1  the  liquid  being  nebulized.'*  The  2  most  com- 
monly u.sed  designs  with  ventilator  circuits  are  the  jet  neb- 
ulizertgasjelted  across  a  liquid  to  produce  aerosol  particles) 
and  the  ultrasonic  nebulizer  (ultrasonic  energy  breaks  up  a 
liquid/gas  interface  to  produce  aerosol  particles).  In  gen- 
eral, outputs  from  either  device  can  range  from  <  100  to 
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sevei';il  luindrei,!  micioliiors  plt  ininutL'  ami  the  mass  me- 
dian aciiidMiamic  tliamclL-r  can  range  t'nim  <  2  to  up  Id  5 
/j.m.  Theiv  is  thus  ennsiderabie  \aiiahiiity  among  manu- 
faetureis.  and  the  drug  iieii\ei\  pert'ormance  of  one  system 
cannot  he  extrapolated  to  the  pert'ormance  of  another. 

Some  Jet  nebuli/ers  are  also  affected  h\  the  drive  pres- 
sure. This  is  important  because  continuous  nebuli/alion  is 
often  powered  b\  wall  gas  (50  psi).  whereas  intermittent 
nebuli/ation  (timed  to  inspiration!  may  be  powered  by  the 
ventilator  (drive  pressure  <  1.'^  psi).  and  these  lower  drive 
pressures  may  reduce  output  in  some  systems. 

In  contrast  to  nebuli/ers.  MDIs  supply  only  a  few  mi- 
croliters per  puff  (although  the  drug  concentrations  are 
usually  higher  than  nehuli/er  solutions).  Multiple  puffs 
may  thus  be  required  to  match  the  efficacy  of  a  nebulizer. 
MDI  particle  size  distribution  is  comparable  to  that  of  a 
nebulizer,  but  particle  \  elocity  exiting  the  MDI  nozzle  can 
be  substantial,  which  is  the  major  reason  ventilator  circuit 
chambers  (see  below  )  are  needed  with  MDIs.  Also,  each 
MDI  is  linked  to  a  single  drug  formulation.  In  general, 
nebulizers  can  supply  much  larger  volumes  and  a  wider 
variety  of  aerosols  than  MDIs.  but  are  generally  more 
expensive  and  cumbersome. 

Circuit  Properties 

A  number  of  circuit  properties  affect  aerosol  delivery 
through  an  ETT  or  an  artificial  airway.  Artificial  airway 
tube  diameter,  length,  bends,  obstructions,  and  the  exit 
angle  at  the  opening  into  the  airway  all  affect  flow  prop- 
erties and  the  potential  for  aerosol  impaction  before  reach- 
ing the  target  in  the  lung. 

Device  location  in  the  circuit  is  also  important.  For 
continuous  nebulization.  placing  the  device  close  to  the 
patient  'y'-piece  causes  considerable  aerosol  waste  during 
expiration,  especially  if  a  ventilator  circuit  bias  How  is 
present.'^  In  contrast,  if  the  nebulizer  is  placed  in  the 
inspiratory  circuit  away  from  the  patient  Y-piece.  nebuli- 
zation during  expiration  may  largely  serve  to  till  and  charge 
the  inspiratory  circuit,  with  little  loss  during  expiration. 

With  an  MDI  it  is  particularly  important  to  use  a  hold- 
ing chamber  in  the  inspiratory  circuit  to  slow  the  particle 
velocity  and  thereby  permit  adequate  delivery.'"'"'--  -■*  In- 
deed, with  an  MDI  almost  no  delivery  occurs  using  direct 
injection  into  an  elbow  adapter. 

Circuits  and  tubes  are  often  made  of  plastic,  the  surface 
of  which  can  have  a  static  charge-*  that  can  attract  aerosol 
particles  and  thus  reduce  aerosol  delivery.  Priming  the 
system  with  an  aerosol  before  delivering  the  treatment 
aerosol  may  bind  and  thus  neutralize  the  static  charge  sites 
and  thus  enhance  delivery.  Washing  the  circuit  and  tube  in 
detergent  or  using  tubing  that  does  not  hold  a  static  electric 
charge  can  also  help  enhance  aerosol  delivery. 


Ideal  System 

The  ideal  aerosol  delivcrv  svstcm  would  have: 

1.  A  palieiit-triggered  ventilation  pattern,  slow  inspira- 
tory How.  king  inspiratory  time,  large  tidal  volume,  and  an 
end-inspiratory  pause 

2.  An  unhumidified  and  very-lovv-densiiy  carrier  gas 

3.  An  aerosol  generator  with  a  very  high  t)utput.  low 
dead  volume,  and  |xirticle  generation  in  the  1-.^  ^lm  range 

4.  A  circuit  that  is  wide  bore,  smooth,  without  static 
charge,  properly  centered,  and  that  facilitates  low-velocity 
particles 

With  all  of  those  factors  affecting  aerosol  delivery  it  is 
not  surprising  that  so  mtich  variability  is  seen  in  existing 
stLidies.  As  aerosol  systems  approach  the  ideal,  aerosol 
delivery  through  an  ETT  may  be  substantially  improved 
and  near  that  seen  with  the  nonintubated  patient. 

Intra-Airway  Delivery  Systems 

Even  under  the  best  of  circumstances,  with  systems  that 
approach  the  efficiency  seen  in  nonintubated  patients,  it  is 
still  clear  that  aerosol  delivery  into  the  limgs  will  be  un- 
likely to  exceed  25-40%.  Though  that  may  be  acceptable 
t\)r  many  inexpensive  drugs  (eg,  steroids  or  bronchodila- 
tors).  that  inefficiency  may  be  unacceptable  for  more  ex- 
pensive drugs.  For  delivery  of  expensive  drugs,  devices  to 
place  the  aerosol  directly  into  the  lungs  have  been  ex- 
plored. Two  such  devices  are  the  MDI  nozzle  extender  and 
the  intra-airway  jet  nebulizer  catheter. 

MDI  Nozzle  Extender 

This  is  a  relatively  straightforward  concept:  the  nozzle 
of  the  MDI  is  made  long  enough  to  traverse  the  length  of 
the  artificial  airway."' "  The  plume  of  aerosol  is  thus  in- 
troduced directly  into  the  trachea.  The  extender  nuist  be 
<  1  mm  in  diameter  to  preserve  appropriate  particle  sizing 
and  output  at  the  extender  tip.  This  unfortunately  creates  a 
high-velocity  aerosol  stream  in  close  proximity  to  airway 
tissue. ^^  Substantial  tracheal/carinal  deposition  can  occur 
(as  much  as  70'^  of  the  delivered  aerosol),  and  the  high- 
velocity  gas  has  been  shown  to  create  airway  ulcerations 
in  animals.  Flaring  the  tip  of  the  extender  can  help  reduce 
the  exit  velocity  and  decrease  tracheal  deposition,  but  it  is 
not  clear  if  these  safety  issues  can  be  sufficiently  over- 
come to  allow  this  concept  to  be  used  clinically. 

Intra-Airway  Aerosol-Generating  Catheter 

Our  group  has  ileveloped  an  intra-airway  aerosol  gen- 
erator that  consists  of  a  small-diameter  (  I  mm  internal 
diameter)  catheter  with  a  central  lumen  surrounded  by 
peripheral  lumens  (Fig.  2). '■'^ '"  The  liquid  to  be  nebulized 
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ways  oft'ei'  the  opportunily  to  greatly  increase  deposiliiin 
et'ticieiiey  and  local  drug  targeting. 


Lumen  Orifices 


(Tapered) 

Fig.  2.  A  multilumen,  small-diameter  catheter  designed  to  produce 
a  fine  aerosol  at  the  tip.  Liquid  is  delivered  through  the  central 
lumen  and  gas  is  jetted  through  the  peripheral  lumens. 


is  delivered  through  the  central  lumen  as  the  power-gas  is 
deli\ered  through  the  peripheral  lumens,  which  nebulizes 
the  liquid.  The  catheter  tip  can  be  positioned  at  the  distal 
end  of  an  artificial  airway  or  guided  (via  bronchoscope)  to 
selected  airway  positions.  Because  upper-airway  anatomy 
is  bypassed  with  this  technique,  larger  particle  sizes  (up  to 
10  jam)  can  conceivably  be  delivered  effectively  to  the 
major  airways."' 

Lung  model  studies  using  radiolabeled  liquid  found  that 
virtually  all  of  the  liquid  passing  through  the  center  lumen 
can  be  nebulized.  However,  the  device  produces  a  sub- 
stantial aerosol  velocity,  so  substantial  tracheal/carinal  im- 
paction is  observed.  Nevertheless,  the  lung  model  studies 
showed  a  several-fold  higher  distal  lung,  parenchymal  dep- 
osition than  standard  nebulization  techniques.  A  final  point 
with  regard  to  this  system  is  that,  because  it  involves  gas 
delivery  into  the  lung  (although  generally  <  1  L/min  gas 
flow  is  required),  pressure  monitoring  must  be  part  of  any 
such  system. 

In  the  future,  other  nebulizing  techniques  that  do  not  use 
gas  or  impart  aerosol  velocity  may  lend  themselves  to 
miniaturization  and  placement  within  the  airways.  Such 
systems,  especially  if  particle  size  could  be  tightly  con- 
trolled, can  be  envisioned  to  not  only  provide  extremely 
efficient  whole-lung  delivery  but  also  very  targeted  aero- 
sol delivery  to  selected  linig  regions. 

Summary 

The  artificial  airway  can  he  a  substantial  barrier  to  aero- 
sol deli\ery  into  the  lungs.  However,  with  careful  attention 
to  the  ventilator  pattern,  the  delivery  gas  humidity/density, 
the  device  characteristics,  and  the  circuit/tube  properties, 
aerosol  delivery  from  standard  nebulizers  or  MDls  can 
begin  to  approach  that  seen  in  the  nonintubated  patient. 
Novel  approaches  to  generating  Ihc  aerosol  within  the  air- 
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Discussion 

O'Riordan:  Thank  you  for  a  very 
nice  presentation.  I  want  to  comment 
about  our  experience  with  the  niotJel- 
ing  of  mechanical  ventilation.  You  pre- 
sented the  fact  that  we  motJeled  a  very 
good  aerosol  delivery,  but  we  also 
modeled  a  very  bad  delivery.  In  terms 
of  practical  issues  t'or  the  clinician, 
probably  the  easiest  thing  to  do  is  to 
pick  the  right  nebulizer.  The  one  we 
used  was  a  nuclear  tnedicine  nebu- 
lizer called  the  Aerotech.  which  is 
comparatively  expensive,  and  we  re- 
serve it  for  antibiotics  and  nonbron- 
chodilator  therapy  at  our  institution. 
That's  probably  the  straightforward 
way  of  opliniizinii  delivery.  The  sec- 
ond relates  to  the  fact  that  it  has  to  be 
cycled  with  inspiration  for  efTiciency. 


And  for  that,  to  keep  it  practical,  you 
have  to  keep  the  fill  \olume  small; 
otherwise,  the  treatment  time  becomes 
very  prolonged.  Finally,  about  the  hu- 
midification;  we  simply  turn  off  the 
humidifier  temporarily.  Those  are  the 
"big  3"  things  a  clinician  can  do  to 
optimize  delivery.  If  you  don't  do 
those  things  you  very  easily  get  the 
very  bad  delivery  that  has  been  seen 
in  some  reports. 

Maclntyre:      How  about  heliox? 

O'Riordan:  We  haven't  used  it.  I 
vsotild  prefer  to  defer  to  .Mm  Fink  or 
Rajiv  I  Dhand],  who  have  more  data 
on  that. 

Dhand:  Cerlainlv.  administration  of 
dru"s  with  heliox  is  a  verv  interestini: 


possibility,  and  .lim  |Fink|  has  done 
excellent  work  on  that.  As  you  point 
out.  we  can  see  an  almost  SO'/r  in- 
crease in  aerosol  delivery,  given  the 
proper  technique.  A  recent  study  from 
the  University  of  Chicago  looked  at 
bronchodilator  responsiveness  in 
emergency  room  patients  and  found 
much  better  spirometric  response 
u  hen  they  nebuli/etl  with  heliox  rather 
than  oxygen.' 

We  also  need  lo  considei  that  aero- 
sol delivery  to  the  critically  ill,  intu- 
bateil  patient  poses  se\eral  unique 
problems.  With  an  atiibulatory  patient 
you  can  provide  acKice.  and  then  the 
onus  of  drug  delivery  is  on  the  pa- 
ticnl.  But  in  ihc  inlcnsive  care  unit  the 
palient  is  faiily  helpless  and  so  the 
onus  of  drug  delivery  is  on  the  clini- 
cian or  the  respiratory  therapist,  and  it 
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behoo\es  us  lo  iisu  ihe  niosi  a|ipio|ir:- 
ate  technii-iue  to  ensure  that  Ihe  max- 
imum aiiKHUil  of  drug  is  delivered. 
From  a  seientit'ie  standpoint  it  is  in- 
teresting that  drug  is  deii\  ered  diieeliy 
into  the  lungs  in  intubated,  meehani- 
cally-\entilated  patients,  and  there  is 
no  oropharyngeal  or  gastrointestinal 
deposition  to  muddy  the  picture. 
Therefore,  drug  that  appears  in  the 
plasma  or  is  excreted  in  the  urine  is  a 
very  good  reflection  of  what  v\  as  de- 
posited in  the  lung. 

Another  factor  to  consider  in  these 
patients  is  body  position.  We  normally 
talk  about  aerosol  deposition  in  am- 
bulatory patients,  who  inhale  in  the 
erect  posture,  whereas  mechanically- 
ventilated  patients  are  often  flat  on 
their  backs  or  semi-recumbent.  That 
difference  in  posture  definitely  influ- 
ences the  pattern  of  aerosol  deposi- 
tion. Finally.  1  was  interested  in  your 
data  about  the  intratracheal  jet.  1  would 
actually  think  of  it  the  other  way 
around;  that  is.  1  think  this  could  be  an 
excellent  device  to  target  the  airway 
rather  than  the  aheoli.  Here  you  could 
have  a  device  to  specifically  treat  air- 
way disorders  without  having  deposi- 
tion in  the  alveoli.  1  think  that  raises 
some  very  interesting  possibilities. 
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Dunne:  The  take  home  message  that 
1  got.  very  clearly,  was  that  Ituig  dep- 
osition is  extremely  techni(.|tie-depen- 
dent.  especially  w  ith  the  inltibaleel  pa- 
tient. Can  you  expand  on  that'.'  1  think 
you  alluded  to  it  toward  Ihe  enil  ol 
your  presentation,  that  aerosol  ther- 
apy in  general,  to  be  successful,  is 
heavily  technique-dependent  across 
the  spectrum.  1  don't  want  the  mes- 
sage to  be  only  for  the  complex  pa- 
tient; rather,  there's  a  lot  of  aerosol 


iheraps  done  outside  the  hospital  that 
I  suspect  is  not  done  optimally. 

Maclntyre:  Patrick.  1  think  sou  are 
exactly  right.  1  think  the  points  1  raised 
here  about  the  intubated  patient  are 
often  relevant  to  the  noninlubaled  pa- 
tient as  well.  The  lung  was  "designed" 
with  bends,  angles,  and  obstructions 
to  keep  particles  out.  so  for  us  to  over- 
come those  obstacles  requires  some 
thought.  These  techniques — slow  flow, 
deep  breath,  long  inspiratory  time,  and 
breath-hold — are  all  applicable  to  both 
intubated  and  nonintubated  patients.  But 
as  Raji\  |Dhand|  said,  with  the  intu- 
bated patient  we  have  the  ability  to  con- 
trol those  things,  whereas  with  the  at- 
home  patient  we  ha\  e  to  depend  on  them 
to  learn  the  right  technique.  And  that's 
a  different  set  of  problems. 

Stenzler:*  Considering  Joe's  [Rau] 
presentation,  w  hich  showed  that  nebu- 
lizers produce  different  particle  sizes 
depending  on  how  you  use  them,  do 
you  think  that  the  flow  rate  and  driv- 
ing pressure  with  a  spontaneously 
breathing  patient  should  be  different 
than  that  with  an  intubated  patient? 
Maybe  we  need  a  different  technique 
for  intubated  patients  with  the  same 
dexices. 

Maclntyre:  Alex.  1  think  we  prob- 
ably do.  We  ha\e  different  airway  ge- 
ometries to  deal  with  in  intubated  and 
nonintubated  patients,  and  presumably 
there  would  be  different  particle  siz- 
ing optimizations  and  dif'feieni  flow- 
patterns  that  would  be  better  in  one 
sitLiation  than  another.  For  instance, 
w  ith  particle  size,  the  smaller  the  par- 
ticlethe  better  the  lung  deposition,  but 
less  material  is  going  in  because  the 
particles  are  smaller,  and  there's  a  ten- 
dency to  exhale  very  small  particles 
back  out.  So  it's  not  a  free  lunch  just 
by  making  the  particles  smaller,  but 
smaller  particles  are  probably  more 
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important  ft)r  the  intubated  patient,  jusi 
because  of  the  challenge  of  getting 
through  the  tube.  Tom.  do  you  ha\e  a 
comment  on  that'.' 

O'Riordan:  1  think  you  have  to  use 
small  particles.  Otherw  ise  you  have  to 
worry  about  the  humidits  of  the  sys- 
tem making  the  particles  bigger.  Also. 
the  positive  pressure  results  in  more 
tuihulence.  so  even  if  you  use  a  small 
particle  that  would  deposit  peripher- 
ally in  a  normal,  spontaneously  breath- 
ing subject,  the  turbulence  will  sub- 
stantially increase  central  deposition 
in  an  intubated  patient.  So  1  think  you 
will  get  adequate  airway  deposition, 
even  with  a  small  particle. 

Smaldone:  1  think  \oin'  talk  very 
nicely  summarized  how  we've  learned 
about  the  complexities  of  ventilated 
aerosol  deliverv .  and  it's  really  an  off- 
shoot of  basic  nebulizer  testing  in  a 
much  more  complicated  system.  I 
think  that  the  real  problem  is  that  we're 
chasing  a  moving  target,  because  we're 
not  working  closely  with  ventilator 
manufacturers.  Ventilators  are  not 
manufactured  with  aerosol  delivery  in 
mind.  And  it's  getting  worse;  we've 
done  some  follow-up  studies  along  the 
same  lines  as  what  you  presented,  and 
it's  getting  harder  with  newer  ventila- 
tors to  deliver  aerosols  with  any  kind 
of  control. 

So  the  way  1  would  summarize  this 
is  that  it's  almost  impossible  to  con- 
trol aerosol  delivery  with  a  mechani- 
cal ventilator.  It's  difficult,  for  in- 
stance, to  gel  respiratiMV  therapists  to 
deliver  aerosolized  anlibitnics  in  the 
way  we  know  they  need  to  be  deliv- 
ered (based  on  the  variables  Tom 
0'Rii>rdan  summarized)  to  gel  them 
into  the  lung  in  the  right  amotints.  li's 
hard  to  get  people  to  do  it,  even  on 
your  own  turf.  Si>  1  think  the  problem 
here  is  lack  of  control.  Setting  stan- 
dards and  working  with  device  man- 
ufacturers are  critical,  and  it's  never 
more  demonstrable  ihan  with  ventila- 
tors, because  the  nevvei'  veiililaiors  are 
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getting  even  worse,  in  terms  o[  their 
ability  to  deliver  aerosols. 

Dolovich:  1  want  to  raise  the  issue 
of  patient  population.  You  talked 
mainly  about  adult  delivery.  I  wonder 
if  you  want  to  comment  on  aerosol 
deli\ery  to  neonates. 

Maclntyre:  Myrna.  I  think  that's  a 
very  understudied  area.  There  are  some 
reports  dealing  with  pediatric  delivery 
and  pediatric  endotracheal  tubes,  but 
there's  not  as  much  as  in  the  adult 
literature.  Bruce,  can  you  help  me'.' 

Rubin:  There  are  some  fairly  good 
pediatric  data;  there  are  virtually  no 
neonatal  data.  Neonatologists  are  very 
busy  intensivists  for  very  small  peo- 
ple, who  very  much  like  putting  as 
much  as  possible  down  into  endotra- 
cheal tubes,  because  they  don't  have 
access  to  big  lines  in  veins.  And  many 
of  them  don't  have  the  time  to  study 
what  goes  down  those  tubes,  so  we'll 
find  the  most  amazing  things  nebu- 
lized in  the  neonatal  nursery,  primar- 
ily because  "we've  got  to  get  some- 
thing to  the  patient."  So  it's  wide  open 
in  terms  of  what  needs  to  be  studied. 

Maclntyre:  What  kind  of  things  are 
you  talking  about? 

Rubin:  Y(hi  name  it:  everything 
from  surfactants,  obviously,  to  bron- 
chodilators  to  pulmonary  hypertension 
medications  to  corticosteroids  to  mu- 
coactive  agents  to  whatever  else  hap- 
pens to  be  helpful. 

Maclntyre:  Is  there  any  room  for 
gas  in  this  patient's  lung? 

Dennis:     There  arc  no  lungs! 

Rubin:  It's  done  out  of  desperation, 
and  the  airway  seems  a  very  accessible 
site,  because  so  often  you  have  diffi- 
culty taking  care  of  other  bits  of  the 
babies,  and  the  babies  usually  have  pul- 
monary problems,  but  data  are  very  few-. 


Fink:*  You  started  off  with  the  .state- 
ment that  the  endotracheal  tube  seems 
to  he  a  barrier  lo  aerosol  delivery.  You 
prcsenletl  .^  slides  from  our  models'- 
in  which  wc  found  that  the  endotra- 
cheal lube  accounted  for  less  than  a 
third  of  ihc  aerosol  lost  between  the 
MDl  adapter  and  the  patient's  lungs, 
w  ith  greater  losses  at  the  Y-piece  and 
right-angle  connector.  This  was  true 
with  both  wet  and  dry  circuits  and  with 
use  of  helio.x.  That  suggests  that  the 
endotracheal  tube  is  less  of  an  aerosol 
barrier  than  other  factors. 

When  we  studied  serum  albuterol 
levels  in  intubated  versus  iionintubated 
patients  we  found  that  intubated  pa- 
tients had  only  70%  of  the  serum  lev- 
els per  puff  as  that  of  the  nonintubated 
patients.'  But  the  intubated  patients 
were  receiving  95%  humidity  at  body 
temperature  and  the  nonintubated  pa- 
tients were  inhaling  in  an  air-condi- 
tioned lab,  so  the  30%  lower  aerosol 
delivery  may  have  been  related  more 
to  the  higher  humidity  in  the  ventila- 
tor circuit  than  to  the  losses  in  the 
endotracheal  tube. 

As  to  what  constitutes  an  ideal  for 
aerosol  delivery  during  mechanical 
ventilation,  1  agree  that  the  limitations 
of  current  technology  induce  us  to  con- 
trol the  ventilation  very  clo.sely,  for 
optimal  deposition.  However,  I  believe 
that  what  we  really  need  to  look  for- 
ward to  are  systems  that  efficiently 
deliver  aerosol  to  the  lung  using  ven- 
tilator parameters  that  are  consistent 
with  good  clinical  practice.  Then  we 
wouldn't  he  tempted  lo  change  how 
we  ventilate  patients  and  potentially 
put  them  at  risk  from  low  humidity  or 
high  inspiratory-expiratory  ratios  to 
get  a  decent  dose  of  drug  into  the  lungs. 
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Maclntyre:      Fair  point. 

Barry:  You  concentrated  on  intu- 
bated patients  on  intermittent  positive- 
pressure  ventilation.  I  wonder  if  you 
can  comment  on  aerosol  delivery  to 
patients  on  face  mask  CPAP  [contin- 
uous positive  airway  pressure],  such 
as  for  chronic  obstructive  pulmonary 
disease,  and  on  nebulizer  use  with 
high-frequency  oscillation. 

Maclntyre:  1  would  imagine  that 
aerosol  deposition  through  a  face  mask 
with  a  continuous  positive  airway  pres- 
sure system  would  have  many  of  the 
issues  associated  with  aerosol  delivery 
through  mouthpieces  and  the  like.  High- 
frequency  oscillation  is  an  interesting 
question.  1  talked  to  Alex  |Stenzler| 
about  how  best  to  deliver  an  aerosol 
during  high-frequency  oscillation,  in 
which  there's  a  continuous  (low  of  gas 
being  delivered  into  the  circuitry,  and 
it's  being  oscillated.  How  to  get  an 
aerosol  down  that  kind  of  setup  is  a 
fascinating  problem.  You  can  put  a 
nehuli/er  in  the  circuit,  and  you  can 
get  aerosol  to  go  into  the  lung,  but  I 
think  the  parameters  ;ind  the  way  to 
optimize  that  is  largely  unknown.  We 
just  rig  it  up  and  do  it!  Alex,  can  you 
help  me  here?  Are  there  more  specific 
data  on  oscillator  aerosol  delivery? 

Stenzlcr:  After  I've  finished  I'll 
have  Jim  |Fink|  talk.  He  presented  a 
poster,  at  the  CHEST 2001  conference, 
on  aerosol  deposition  wuh  high-tre- 
quency  oscillation.'  A  few  years  ago 
we  did  a  few  pilot  studies  using  the 
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calhclcr.  I  think  siuir  clala  on  exniVLMi- 
tional  \entilation  had  about  80%  re- 
tention? And  I  think  wiien  v\e  did  the 
catiictcr  v\iih  high-lreqiieiicN  iiscilla- 
tion  we  had  a  95%  retention  in  the 
lung.  For  the  same  reason  that  its  dit- 
t'ieult  to  get  aerosols  into  the  lung,  if 
you  generate  them  w  ithin  the  lung  it's 
hard  for  them  to  lea\e.  So  we  had 
very  high  deposition  in  an  animal 
model. 
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Maclntyre:  Yes.  This  is  oh\iously 
ver>  preliminary  stuff,  and  1  think  it's 
a  taseinating  field,  but  it  has  \  eiA  lit- 
tle data.  Where  to  put  the  nebulizer, 
what  the  particle  size  should  be.  and 
how  to  set  it  up  is  largeh  unknown. 
As  Alex  said,  we  did  try.  We'\e  just 
done  a  couple  of  anecdotal  experi- 
ments, looking  at  using  the  catheter 
device,  and  it  does  seem  to  help. 

Stenzler:  And  Jim  addressed  that  in 
that  recent  poster  session. 

Fink:  Yes.  we  compared  a  prototype 
of  the  Aeroneb  Pro  to  a  couple  of  jet 
nebulizers,  placed  in  line  with  a  high- 
frequency  oscillator.  We  found  that  in 
both  pediatric  and  adult  settings  we  had 
greater  than  3-fold  better  deliver)'  of  al- 
buterol in  \i\o.  We  deli\ered  24%  of 
the  dose  past  the  tip  of  the  endotracheal 
tube  in  \itro.' 
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Maclntyre:  This  was  just  putting 
the  nebulizer  in  the  continuous  tlow 
circuit? 

Fink:  The  nebulizer  was  placed  in 
the  inspiratorv  limb  immediately  be- 
fore the  >-piece. 


O'Kiordan:  I  v\ant  to  go  back  to 
the  neonatal  issue.  I  think  neonatal  me- 
chanical ventilation  is  very  different 
from  pediatric  ventilation,  mainly  be- 
cause of  the  high  gas  flows  used  with 
neonatal  systems.  A  great  deal  ot  the 
aerosol  is  simply  washed  out  b\  the 
bias  tlow  in  the  system.  We  used  some 
of  our  modeling  data  (using  parame- 
ters that  delivered  40%  of  the  nebu- 
lizer dose  to  adults)  in  a  neonatal 
model,  and  it  delivered  about  I'f.' 
Though  neonates  are  obviously  a  lot 
smaller,  so  you  don't  need  as  much 
drug.  1  think  it  should  be  appreciated 
by  anyone  who  wants  to  deliver  drugs 
to  a  neonate  that  it  is  a  completely 
different  system,  and  very  few  of  the 
adult  and  pediatric  ventilation  data  are 
applicable  to  neonates. 
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Rubin:  That  being  said.  I  think 
Myrna  [Dolovichj  will  probably 
present  some  of  the  data  that  she  gen- 
erated on  the  neonatal  stuff.'  1  think 
that's  still  some  of  the  best  wurk.  Re- 
garding high-frequency  oscillation, 
though,  there  is  some  unpublished  data 
from  Malcolm  King  and  his  group 
that's  been  presented  several  times  in 
abstracts  but  I  haven't  seen  it  m  print 
yet.  It  show  s  that  patients  inhaling  nui- 
coactive  agents  such  as  dornase  alfa 
get  much  better  deposition  when  they 
do  it  in  conjunction  with  high-fre- 
quency chest  wall  oscillation,  as  op- 
posed to  doing  it  before  or  after  using 
The  Vest  [high-frequency  chest  wall 
oscillation  system|.  which  ma\  or  may 
not  be  applicable  to  some  of  the  stud- 
ies related  to  oscillation. 
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bronchopulmonary  dysplasia.  Pediatr  Pul- 
monol  iy96:2l(5):.WI-.^(W. 

Geller:  I  want  to  thank  M\rna  for 
bringing  up  the  pediatric  issue,  because 
that's  what  got  tne  tnlerested  in  aero- 
sols in  the  first  place.  In  the  late  1980s 
we  discovered  that  we  were  getting 
less  than  1%  of  the  aerosol  through 
the  ventilator  circuit  and  endotracheal 
tube  and  into  the  baby's  lungs.  1  read 
a  few  years  ago  that  the  neonatal  group 
at  Stony  Brook  came  up  with  an  ul- 
trasonic device  that  delivered  about 
45%  to  guinea  pig  lungs:  they  were 
trying  to  deliver  superoxide  dismutase. 
I  hayen't  heard  much  from  that  group 
since,  but  that  was  an  incredibly  high 
amount.  Have  you  heard  any  follow-up 
on  that'.' 

O'Riordan:  That  was  a  different 
group  at  Stony  Brook.'  The  problem 
with  neonatal  systems  is  the  \  ery  high 
bias  gas  flow  relative  to  tidal  volume. 
It  was  my  understanding  that  by  using 
a  breath-actuated  system  they  were 
able  to  overcome  that  problem.  The 
de\  ice  was  ultrasonic,  so  they  weren't 
depending  on  an  external  tlow  of  gas 
to  get  the  aerosol  in. 
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Smaldone:  I'm  not  really  familiar 
with  that  device.  Tom  [O'Riordan] 
kntiws  more  about  it:  he  did  a  study 
yvith  rabbits.'  and  I  think  that  agrees 
with  the  work  that  Myrna's  done.  I 
think  it's  appropriate  to  mention  this 
because  in  neonates  the  ventilator  is  a 
critical  issue,  as  Tom  alluded  to.  and 
modern  ventilators  for  adults  are  be- 
coming more  like  neonatal  ventilators, 
with  constant  flows  and  that  sort  of 
thing.  But  for  neonates  the  endotra- 
cheal tube  is  one  of  the  major  imped- 
iments to  aerosol  delivery.  In  adults  I 
don't  think  the  tube  is  really   a  bis 
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issue;  il'simpoilant  hui  wocaiulcal  with 
it.  With  neonates,  c\cn  it'  we  s()i\e  the 
ventilator  piobiem  the  tube  pi'oblem  fe- 
mains.  We  had  a  lot  ot  trouble  getting 
aeri>soi  through  the  tube  in  our  neonatal 
model.  The  oscillator  may  solve  the  \  en- 
tilator  problem  in  neonates,  for  aerosol 
deli\er>'  in  panieular.  1  think  the  tube 
remains  ihe  biggest  issue. 
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Geller:  Perhaps  there  is  a  different 
way  of  thinking  about  this.  Since  there's 
so  much  difficulty  in  nebulizing  drugs 
to  the  lung  of  a  ventilated  patient,  what 
about  changing  the  fomiulation  so  that 
drug  spreadability  is  increased?  If  you 
can  get  it  as  far  as  the  trachea,  it  would 
just  spread  peripherally  from  there.  For 
example,  maybe  a  surtactant-like  sub- 
stance could  increase  spreadability.  1 
don't  know  if  that's  even  possible  with 
some  dnms.  but  in  thinkinsi  about  tar- 


geting the  lung,  that  ma\  present  inter- 
esting possibilities. 

Dolovith:  We  ha\e  done  experi- 
ments with  rabbits,  in  \s hich  we  added 
surfactant  to  the  drug  sokition,  and  it 
did  improve  delivery.  But  1  want  to  com- 
ment again  on  neonates.  We've  done  a 
couple  of  sttidies  in  the  neonatal  group. '  - 
One  of  the  other  factors  that' s  important 
is  the  concentration  of  the  aerosol.  If 
you  can  concentrate  the  aerosol  cloud 
in  a  holding  chamber,  you  have  a 
greater  chance  of  delivering  more.  I 
say  that  because  we've  compared  neb- 
ulizer to  MDI-plus-spacer.  and  the 
nebulizer  delivery  is  very  weight- 
dependent — that  is.  tidal-volume-de- 
pendent— whereas  the  MDI  is  not. 
Deposition  from  the  MDI  is  greater, 
more  \  ariable.  but  not  dependent  on  tidal 
volume.  I  think  it's  mainly  because 
we're  presenting  a  different  amount  of 
drug  to  the  endotracheal  tube. 
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Dhand:  Myrna.  I'm  hoping  you  can 
provide  some  insight  into  one  c|ues- 
tion  that  has  been  raised.  With  the 
small  neonatal  lung,  when  you  use  a 
metered-dose  inhaler,  you're  giving  a 
large  dose  of  propellant  and  surfac- 
tant along  with  the  drug.  How  does 
the  neonatal  lung  respond  to  that  pro- 
pellant? 

Dolovich:  We  haven' t  looked  at  that, 
specifically.  There  was  only  one  ab- 
stract in  the  literature  that  I  could  find 
in  which  the  F,,,,  (fraction  of  inspired 
oxygen)  dropped  after  2  doses.  -So  that 
sort  of  sent  the  flags  up.  I  think  we 
need  a  study  to  see  if  propellant  inha- 
lation is  an  issue  in  infants.  In  adults 
the  levels  decrease  almost  to  baseline 
with  the  next  breath,  but  that  may  not 
necessarily  happen  in  neonates. 
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The  quality  of  the  aerosol  generated  by  a  nebulizer  system  is  a  function  of  its  design,  operating 
parameters,  and  the  drug  formulation  to  be  aerosolized.  The  aerosolized  drug  dose  inhaled  from  a 
nebulizer  is  determined  by  the  patient's  breathing  pattern.  The  site  of  deposition  of  the  aerosol  in 
the  lung  is  primarily  influenced  by  the  inspiratory  flow  rate  and  additionally  by  the  nature  of  the 
lung  disease.  Thus,  tests  of  performance  that  incorporate  these  different  variables  will  provide  data 
that  give  a  better  understanding  of  overall  nebulizer  performance.  As  discussed  in  this  paper,  a 
number  of  in  vitro  and  in  vivo  laboratory  tests  can  be  undertaken  to  measure  the  characteristics  of 
the  delivery  system  as  well  as  the  quality  and  quantity  of  the  aerosolized  drug  provided.  With  this 
information  one  can  estimate  the  dose  of  drug  that  will  be  inhaled  and  deposited  below  the  larynx. 
The  accuracy  of  these  predictions  can  additionally  be  improved  with  the  use  of  breath  simulators 
and  standard  breath  patterns.  Breath  monitors  that  capture  and  feed  actual  patient  breathing 
patterns  into  the  simulator  to  mimic  nebulizer  operation  during  actual  patient  use  further  increase 
the  accuracy  of  dose  estimation.  With  the  vast  number  of  nebulizers  available  and  also  in  devel- 
opment, a  comparison  of  information  obtained  from  different  nebulizers  is  key  in  making  an 
informed  decision  when  selecting  an  aerosol  delivery  system  that  can  provide  an  efficacious  dose  of 
a  particular  drug  to  a  specific  patient  population.  Key  words:  liquid  nebiilizatiou.  aerosol  dose, 
particle  size,  breath  siiiiiiliitioii.  nebulizer,  aerosol.     (Respir  Care  2002;47(1 1 ):  1290-1301] 

Introduction  aerosol  delivery  efficiency  is  poor  in  comparison  to  other 

drug  delivery  methods  or  other  nebulizers.'^  Similarly,  the 

The  efficiency  of  delivery  of  aerosolized  medications  performance  characteristics  of  a  nebulizer  used  with  one 

varies  among  nebulizer  systems.'  Differences  in  the  amount  type  of  drug  may  be  different  when  used  with  other  cate- 

of  drug  aerosolized  and  the  respirable  dose  provided  de-  gories  of  drugs  and  potentialh  with  generic  formulations 

pend  on  a  number  of  factors  and  can  be  considerable.^  This  of  a  particular  drug.  Thus,  it  would  be  prudent  to  measure 

may  result  in  different  clinical  effects,  particularly  if  the  the  output  characteristics  of  a  drug  from  a  number  of  neb- 
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iili/cr  ilclnciN  s\siL'nis  pnur  to  rccoininciKliiii;  llic  use  ol 
a  specific  sysiem  or  s\ stems  loi  the  driiji. 

In  Vitro  Tests 

In  \  itro  perlonnance  assessment  ot  a  new  nebuli/ei"  to 
demonstiate  similaiil\  to  an  already-marketed  device  is  a 
regulatory  requirement  under  section  51()(k)  of  the  Food. 
Drug,  and  Cosmetics  Act  and  is  reL|uired  before  regulatory 
approval.^  Onl\  with  that  appro\al  in  place  is  a  company 
permitted  to  sell  the  device.  The  types  of  measurements 
discussed  below  are  also  used  by  manufacturers  io  assure 
quality  contiol  of  marketed  products.  Nebulizer  perfor- 
mance assessment  is  similarls  useful  to  the  end  user,  en- 
abling the  comparison  of  delivered  doses  of  drug  in  a 
specified  time  period  and  for  specific  drug  formulations. 
Several  protocols  have  been  developed  to  evaluate  neb- 
ulizer performance  (Table  I).  The  various  techniques 
consist  of  in  v  itro  bench  measurements,  in  v  iv o  models, 
a  combination  of  those  2  methods,  and  in  vivo  deposi- 
tion and  pharmacokinetic  measurements.  Though  ex- 
tremely useful  and  important  tools  for  measuring  and 
comparing  performance  of  nebulizer  delivery  systems, 
the  latter  2  methods  are  not  reviewed  here.  All  these 
methods  can  be  applied  to  standard  Jet  and  ultrasonic 
nebulizers  as  well  as  to  the  newer  breath-actuated  and 
breath-enhanced  designs. 

Table  2  shows  4  types  of  in  vitro  tests  for  measuring 
nebulizer  characteristics.  They  consist  of  methods  for  as- 
sessing variability  in  manufacturing  of  nebulizer  plastic 
components,  temperature  change  in  the  reservoir  solution 
during  nebulization.  and  drun  available  for  inhalation  w  hen 


Table  1.      Assessina  Nebulizer  Performance:  Protocols 

In  Vitro  Models 

-  Filter  collection  of  drug  output  Islanding  cloudl  +  particle  .size 
measurement 

-  Simulation  of  breathing  patterns  +  filter  collection  of  drug 
-^  particle  si/e  measurement 

In  Vitro/In  Vi\o  Models 

-  Patient  inhalation  with  tiller  collection  of  aerosol  +  particle  si/e 
measurements 

In  Vivo  Deposition/Phamiacokinetics 

-  Animal  studies 

-  Human  .Studies 

Table  2.       In  Vitro  Tests  of  Ncbuli/er  Performance 

1.  Variability  in  manufacturing  between  units 

2.  Temperature  change  in  reservoir  solution  during  nebuli/ation 

3.  Drug  output  (solution;  solvent/suspension)  under  continuous  use 
and  simulated/actual  breathing  patterns 

4.  Particle  size  characteristics  under  continuous  use  and  simulated/ 
actual  breathing  patterns 
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Fig.  1.  A.  Pressure-flow  curves  obtained  with  5  Wright  nebulizers, 
reflecting  the  variability  in  manufacturing  between  different  units  of 
the  same  type  of  nebulizer.  The  measurement  is  made  without 
fluid  in  the  nebulizer.  The  differences  in  air  flow  at  the  nebulizer 
exit,  with  a  constant  pressure  applied  to  the  jet,  would  give  rise  to 
differences  in  aerosol  output  between  these  nebulizers.  B:  Similar 
measurements  for  7  different  standard  jet  nebulizers,  showing  the 
vanability  between  nebulizers. 
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2mLof  10mg/mLSCG 

-©-  PARI  LC  Jet  +  with  PM  compressor 
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Fig.  2.  A.  Changes  in  jet  nebulizer  reservoir  fluid  temperature  dur- 
ing operation.  B.  Similar  measurements  for  several  ultrasonic  nebu- 
lizers. Temperature  of  the  fluid  dropped  consistently  for  all  the  jet 
nebulizers  during  the  initial  2  min  of  operation,  whereas  expected 
temperature  increases  were  seen  with  only  1  of  the  3  ultrasonic 
nebulizers  tested.  SCG  =--  sodium  cromoglycate.  (Adapted  from 
Reference  10.) 


used  in  a  continuous  mode,  in  comparison  to  drug  avail- 
able with  simulated  breathing  patterns.  Measuring  the  par- 
ticle size  characteristics  under  these  various  conditions 
allows  an  estimate  of  the  dose  of  nebulized  drug  poten- 
tially reaching  the  peripheral  kuig.  Though  testing  perfor- 
mance on  the  bench  is  necessary  for  product  quality  con- 
trol, information  as  to  actual  performance  with  patients  is 
limited  to  selected  populations.  A  more  accurate  assess- 
ment can  be  obtained  by  incorporating  into  iu  vitro  test 
protocols  actual  conditions  under  which  the  ncbuli/er  would 

Table  3.       In  Vitro  Drug  Output  Measurements 

Drug  output  measured  over  lime  as: 

1.  Absolute  dnig  content  in  aerosol  over  time 

2.  Change  in  weight  and  change  in  drug  concentration  of  reservoir 
solution 

.^.  Gravimetric  (estimated I  output:  change  in  weight  X  nominal 
concentration 


COMPRESSORS 
AIR  FLOWMETER 


6  L/mi n 


OUTPUT  FILTER 


NEBULIZER 
UNDER  TEST 


NEBULIZER  DRIVE  LINE 
with  pressure  gauge 


Fig.  3.  Experimental  set-up  for  collecting  aerosol  generated  from  a 
nebulizer  by  mounting  an  absolute  filter  at  the  nebulizer  exit.  (From 
Reference  1 1 .  with  permission.) 
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Fig.  4.  Nebulizer  output  versus  time.  The  2  nebulizers  shown  have 
an  approximately  4-fold  difference  in  rate  of  aerosol  output.  (From 
Reference  12,  with  permission.) 


Fig.  5.  The  Unit  Dose  Collection  Apparatus  (UDA)  for  aerosol  emit- 
ted from  an  aerosol  delivery  device.  The  set-up  is  shown  with  a 
pressuhzed  metered-dose  inhaler  interface,  but  similar  connecting 
pieces  have  been  made  in  our  laboratory  for  nebulizers.  The  sam- 
ple IS  collected  in  the  tube  and  solvent  added  to  absorb  the  drug 
on  the  filter.  (From  Reference  14,  with  permission.) 
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Fig.  6.  A.  Sodium  cromoglycate  (SCG)  output  per  second  from  the 
Pari  LC  )et  nebulizer,  sampled  every  30  seconds  over  a  5-minute 
operating  penod  (reservoir  fill:  2  mL  of  10  mg/mL).  A:  In  this  ex- 
ample the  rate  of  output  is  relatively  constant  for  the  first  minute 
and  then  tapers  off  to  zero  over  the  remaining  4  minutes.  B. 
Data  replotted  as  cumulative  dose  of  cromolyn  available  over 
the  5  minutes  of  operation.  The  rates  of  output  for  the  3  formu- 
lations of  SCG  were  not  markedly  different.  (Adapted  from  Ref- 
erence 15.) 


be  used.  Clinical  trials  of  a  nebulizer  product  and  specific 
drug  formulation  are  necessary  to  demonstrate  efficacy  in 
patients,  but  are  not  reviewed  here. 


1 .  Ahsolule  druj;  conleni  in  aerosol  over  lime 
-Nebulizer  run  conlinuously  for  ."i  min 

-Aerosol  samples  eolleclcd  inlo  a  unit  dose  eolleetion  apparatus 

(UDA)* 

-Aerosol  samples  colleeted  lor  10  s  every  30  s 
-Drug  output  delerinined  by  ehemieal  analy.sis 
-Drug  output  rate  ealeulated  by  dividing  amount  of  drug  in  UDA 

by  eolleetion  period  ( 10  s),  and  plotted  vs  lime 
-Total  drug  output  calculated  from  area-under-lhe-curvc 

2.  Change  in  weight  (W)  and  change  in  initial  drug  concentration 
U  l,.,.i.,ii>  i"  reservoir  solution:  AW,  X  A|  ],.  where  t  =  time 
-Weight  and  concentration  of  reservoir  solution  ineasured  before 

and  after  a  nebuli/ation  period  ranging  from  30  s  to  5  min  with 
test  nebulizer 

-Drug  output  determined  by:  Output  =  W',,,,,,,,,  X  |  |,,,,,, ,,  - 
W,  X  [  ], 

3.  Gravimetric  (estimated)  output:  AW  X  nominal  concentration 

(I    ln„m,„.,l) 

-AW,,„,„  =  weight  change  over  the  5-min  nebuli/alion  period 
measured  for  the  nebulizer 
-Drug  output  determined  by:  Output^,,,,,,  =  (W^„„„  -  W, „,„,,,)  X 

I  l„,.'„„„., 


•Per  RclcTcntc  14 


Table  5.       Comparison  of  In  Vitro  Output  Measurements* 


Measurement 


Cromolyn  Output 


UDA  (aerosol) 

AW  X  A[  ]  (solution) 

Estimated  (solution) 

Ratio  of  Measured  to  Estimated 


7.20  ±  0.66  mg 
7.90  ±  0.75  mg 
10.07  ±  0.47  mgt 
0.78  ±  0.06 


■^D.lUi  were  cnllecled  iisini;  a  Pari  LC  let-  VMlti  a  re-^ervoir  llll  ol  2  mL  nl  10  mg/mL 

cromolyn  solulion 

UDA  =  unit-dose  collcclion  apparatus 

AW  =  ctiange  in  weigtil 

Al  1  =  ctiange  in  concentration 

ttislimated  value  >  AW  x  A|  |  =  UDA  (p  <  O.n.'il 

(Adapted  from  Reterence  17.1 


Testing  for  Variability  in  Manufacturing  Between 
Units 


A  quick  test  that  can  be  dt)ne  on  the  bench  to  assess 
reproducibility  between  nebulizers  is  to  measure  air  flow 
through  the  dry  nebulizer  resulting  from  an  increasing  pres- 
sure drop  across  the  nebulizer  jet  orifice."  The  volumetric 
flow  of  air  at  the  nebulizer  exit  for  units  of  the  same 
nebulizer  should  be  similar  for  a  fixed,  applied  piessurc 
(Fig  I  A).  This  measurement  of  the  volumetric  flow  of  air 
or  oxygen  when  there  is  no  fluid  in  the  nebulizer  gives  an 
indication  of  the  resistance  of  the  nebulizer,  which  is  a 
function  of  its  design.  Makinp  this  measurement  between 


nebulizers  of  the  same  type  allows  an  assessment  of  the 
variability  of  the  manufacturing  and  can  also  be  used  as  an 
indication  of  reproducibility  in  output  with  use  over  time.' 
These  are  impoiianl  issues  when  using  a  specific  nebulizer 
for  a  clinical  diagnostic  test  where  the  output  (aerosol  dose 
inhaled)  needs  to  be  the  same  between  laboratories  using 
the  same  type  of  nebulizer  or  when  multiple  units  are  used 
in  the  same  facility  for  the  same  diagnostic  test.  The  pres- 
siirc-now  measurement  can  be  used  to  compare  different 
nebulizer  systems  (see  Fig  IB)'^  and  also  pro\ides  a  start- 
ing point  lor  determining  the  pressure  drop  needed  to  be 
applied  across  the  Jet  orifice  to  obtain  et|ui\alent  outputs 
tor  the  various  nebulizers  tested. 
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Fig.  7.  Inlets  usecd  to  couple  a  cascade  impactor  to  an  aerosol  (jelivet^  system.  Ttie  inlets  range  in  volume  from  66  mL  to  1,080  mL.  (From 
Reference  20,  with  permission.) 


Temperature  Change  in  the  Reservoir  Solution 
During  Nebulization 

During  jet  iiebuli/er  operation,  soKenl  e\api)ration  de- 
creases the  reservoir  solution  tempeiatiiie  and  increases 
the  drug  concentration  in  the  reservoir  solution  and  in  the 
aerosetl  droplets.''  Figure  2  illustrates  ihe  lemperuture 
change  over  5-6  minutes  of  operation  tor  5  types  of  jet 
nebulizer  and  3  types  of  ultrasonic  nebuli/er,'"  The  figure 
shows  a  typical  12°  C  temperature  decrease  with  the  jet 
nebulizers,  but  the  temperature  change  differs  among  neb- 
ulizer designs  and  also  \aries  with  fill  Nolume.  Most  of  the 
temperature  drop  occurs  in  the  first  6()-'>()  seconds  of 
operation,  with  the  rate  of  temperature  change  decreasing 
slightly  until  nebulization  stops.  The  temperature  decrease 
can  be  described  by  the  equation: 


in  which  A  is  a  constant  equi\alent  to  the  absolute  change 
in  temperature,  k  is  a  constant  related  to  the  rate  of  tem- 
perature change  (the  larger  the  value  of  k  the  more  rapid 
the  temperature  change),  and  residual  temperature  is  the 
temperature  at  the  end  of  .5  minutes  of  nebuli/ation.  These 
terms  are  specific  to  each  nebulizer. 

In  contrast  to  jet  nebulizers.  ieser\oir  temperature  can 
increase  during  operation  with  some  ultrasonic  nebulizers. 
This  temperature  increase  w  as  seen  w  ith  the  Omion  Ultra-Air 
ncbuli/eilsce  Fig.  2Bl  but  not  with  the  ,Soni\  2()()()orOmron 
MicroAir.  The  Omron  Ultra-Air  showed  a  idughl\  linear 
temperature  increase,  described  b_\  the  equation: 


Temperature  (°C)  =  m  X  Time  +  T, 


initial 


(2) 


Temperature  (°C)  =  A  X  e' 


Residual 


(1) 


in  which  m  is  the  slope  ot  the  line  (in  degrees  Celsius/ 
mini,  and   I,,,,,,,,!  is  the  initial  solulion  icniperaluiv. 
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Distance  from  entrance  to  vertical  wall  (mm) 

Fig.  8.  Horizontal  distance  from  inlet  entrance  to  inlet  back  wall 
versus  deposition  of  drug  in  inlet.  The  amount  of  aerosol  depos- 
ited in  the  inlet  is  inversely  proportional  to  the  distance  to  the  inlet 
back  wall.  Thus  the  greater  this  distance,  the  more  aerosol  is  avail- 
able for  sampling  by  the  impactor.  (Adapted  from  Reference  20.) 


With  an  ultrasonic  nebulizer,  if  the  formulation  might 
be  affected  by  increased  temperature,  the  reservoir  fluid 
temperature  should  be  measured  during  nebulization.  us- 
ing a  miniature  thermistor  threaded  through  the  nebulizer 
out-port  and  into  the  fluid  reservoir. 
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Fig.  10.  Changes  in  particle  size  (mass  median  aerodynamic  di- 
ameter [MMAD])  of  pentamidine  (60  mg/mL  in  3  ml  distilled  water) 
over  15  min  of  nebulization.  Changes  were  observed  only  during 
the  first  2  minutes  ot  operation.  Drug  added  to  the  nebulizer  (solid 
lines)  increased  the  MMAD  compared  to  the  distilled  water  carrier 
alone  (dashed  lines).  (Adapted  from  Reference  22.) 
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Fig.  9.  Left:  Gamma  camera  picture  of  a  multi-stage  liquid  impinger  (MSLI)  following  sizing  of  a  drug  solution  containing  a  radiotracer. 
Right:  Schematic  of  the  MSLI  with  Tl  Glass  Inlet  and  showing  the  stage  cut-off  diameters  and  the  operating  air  flow  rate.  (Adapted  from 
Reference  21.) 
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Fig.  11.  Breath  simulator  set-up  to  measure  nebulizer  output  witti  a  fixed  breathing  pattern  generated  by  the  simulator,  or  alternatively,  a 
recorded  flow  profile  that  is  converted  to  a  pattern  file  that  is  read  and  reproduced  by  the  Compas  Breath  Simulator.  Black  arrows  =  aerosol 
flow.  Shaded  arrows  =  air  flow.  (Adapted  from  Reference  23.) 


Nebulizer  Output 

There  are  a  number  of  ways  to  measure  how  much 
aerosolized  drug  a  nebulizer  can  deliver  to  the  mouth  lor 
inhalation  (Table  3),  One  of  the  simplest  is  the  "standing 
cloud"  method,  in  which  the  aerosol  is  collected  with  an 
absolute  filter  positioned  at  the  nebulizer  e.xit  (Fig.  3)." 
The  drug  on  the  filter  can  be  analyzed  chemically,  or  if  a 
radiotracer  is  also  used,  the  activity  on  the  filter  can  be 
counted  in  a  7  counter.  Aerosol  can  be  collected  at  \arious 
points  in  lime  (Fig.  4).  In  Figure  4  the  inhaled  mass  a\ail- 
able  increases  with  time,  and  there  is  also  a  marked  dif- 
ference in  delivery  between  the  nebulizers  tested. '- 

The  unit  dose  collection  apparatus  (UDA)  described  in 
Phami  Forum"  can  also  be  used  to  collect  aerosol  released 
from  a  nebulizer.  In  our  laboratory,  using  the  apparatus  shown 
in  Figure  S.'-"  we  collect  KJ-.second  aerosol  aliquots  e\ery  30 
seconds  to  obtain  data  of  the  sort  shown  in  Figure  6A.''^  This 
type  of  measurement  gives  a  rate  of  output  in  micrograms  of 
drug  per  minute  \ersus  time  of  operation.  The  figure  shows 
that  the  output  rate  is  relatively  constant  for  the  first  minute, 
tapering  off  until  no  aerosol  is  produced  at  about  6  minutes. 
The  data  can  be  re-plotted  as  a  cumulative  graph  that  shows 
the  total  drug  output  available  over  time  (see  Fig.  6B).  The 
information  in  Figure  6B  parallels  that  in  Figure  6A.  showing 
that,  for  that  nebulizer,  aerosol  production  increases  at  a  con- 
stant rate  for  about  the  first  90  seconds.  Total  output  gradu- 
ally decreases  with  a  decrease  in  aerosol  generated.  It  can  be 
seen  why  continuing  ncbuli/ation  past  the  knee  of  the  curve, 
at  about  KO'/r  of  the  maximum  output,  may  not  be  advanta- 
geous for  the  patient  in  terms  of  added  drug  delivered."' 
Clinical  measiircments  would  need  to  confinu  that  response 
is  only  marginally  enhanced  b\  inhaling  drug  until  aerosol 
production  ceases. 


Two  other  methods  for  assessing  nebulizer  drug  output 
measure  changes  in  the  drug  concentration  and  weight  of 
the  reservoir  fluid.  A  gravimetric  method  based  on  weight 
changes  applied  to  only  the  nominal  concentration  has  also 
been  used  to  estimate  output.  Table  4  shows  the  calcula- 
tions used  for  these  measurements  of  nebulizer  output.  We 
have  compared  output  measurements  for  the  Pari  LC  Jet 
Plus  using  the  3  methods  in  Table  4  and  sodium  cromolyn 
as  a  test  solution.' '  The  data  in  Table  5  show  that  assessing 
output  by  collecting  aerosol  aliquots  to  dryness  using  the 
UDA  was  not  significantly  different  from  weight  and  con- 
centration chauizes  occuninsz  in  the  nebulizer  solution.  How- 
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Fig.  12.  In  vitro  measurement  of  the  dose  of  cromolyn  sodium 
available  with  the  Pan  LC  Star  nebulizer,  for  infant,  child,  and  adult 
breathing  patterns.  The  amount  of  drug  delivered  to  a  filter  per 
minute  of  nebulization  time  increases  with  tidal  volume  and  in- 
spiratory flow  rate,  approaching  the  per  minute  output  of  the  neb- 
ulizer when  driven  continuously,  but  only  for  the  adult  breathing 
pattern.  Vj  =  tidal  volume,  f  =  breathing  frequency.  I;E  =  inspira- 
tory:expiratory  ratio.  IFR  =  inspiratory  flow  rate. 


1296 


Respir  vroK^  C.\Ri;  •  November  2002  Vor  47  No  1 1 


Assessing  Ni  iui  i/i  r  Pi-riormance 


O) 

3:  4 


£  3^ 

3 
< 

•o   2 

0) 
lA 
O 

Q   1 

Ol 

c 

3 


Non-Ventilated  MDI  *  AC 
Non-Ventilated  NEB 
Non-Ventilated  NEB  Normalized 
Ventilated  MDI  ♦  MV15 
Ventilated  NEB 
Ventilated  NEB  Normalized 


n 


773 

0.749 


12  3  4 

Infant  Weight  (Kg) 

Fig.  13.  In  vivo  lung  deposition  of  radiolabeled  albuterol  In  neo- 
nates with  bronchopulmonary  dysplasia  versus  infant  weight.  De- 
livery via  the  nebulizer  but  not  the  metered-dose  inhaler  increased 
with  increased  weight  for  both  spontaneously  breathing  infants 
and  intubated  infants.  MDI  =  metered-dose  inhaler.  AC  =  Aero- 
chamber.  NEB  =  nebulizer.  MV15  =  Aerochamber  MV15.  (Adapt- 
ed from  Reference  24.) 


ever,  estimating  the  output  based  on  weight  change  alone  and 
using  only  the  nominal  or  starting  concentration,  rather  than 
correcting  for  concentration  changes  within  the  same  lime 
period,  oserestimates  drug  output.  Weight  changes  reflect  not 
onl\  solute  (drug)  loss  but  also  solvent  (saline  or  water)  losses 
and  need  to  he  corrected  for  the  parallel  increased  concen- 
tration of  daig  occumng  in  the  nebulizer  fluid. 

Particle  Size  of  the  Nebulized  Aerosol 

Measuring  the  particle  size  of  the  aerosol  exiting  the 
nebulizer  allov\,s  an  estimate  of  the  likelihood  of  the  aero- 
sol depi)siting  in  the  lung  and  the  site  of  huig  deposition. 
The  particle  size  data  and  the  measiuemenl  of  emitted 
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Fig.  15.  Schematic  of  set-up  to  measure  aerosol  dose  inhaled  at 
the  mouth.  Subject  breathes  from  the  nebulizer  and  drug  (leval- 
buterol  solution:  1.25  mg/3  mL)  is  collected  on  an  absolute  filter 
between  the  mouth  and  the  nebulizer.  Black  arrows  =  aerosol 
flow.  Shaded  arrows  =  air  flow. 


dose  are  used  to  approximate  the  fine  particle  dose  (dose 
carried  by  the  peicentage  of  particles  <  4.7  ixm)  of  the 
(emitted)  aerosol,  which  is  most  likely  to  be  delivered  to 
the  distal  lung."*  Cascade  impactors  and  multi-stage  liquid 
impingers  are  routinely  used  to  determine  the  particle  sizes 
of  nebulizer-generated  aerosols,  both  suspensions  and  so- 
lutions, providing  data  on  the  drug  content  of  the  various 
particle  size  fractions.  Droplet  size,  which  partly  deter- 
mines the  site  of  lung  deposition,  is  best  measured  by 
light-scattering  devices  such  as  the  Malvern  Mastersizer 
and  Sympatec  Rodos  System,  but  these  laser  diffraction 
methods  do  not  measure  the  amount  of  drug  carried  by  the 
droplets.  Typically,  the  median  particle  size  reading  from 
diffraction  measurements  is  1-2  /nm  greater  than  that  from 
impactor  measurements,  primarily  due  ti>  evaporation  of 


Electronic  Pneumotach 


Breathe!  breath  monitor 


Recorded  Flow  Profile 


Computer 


Fig.  14.  Tidal  breathing  into  the  pneumotachograph  connected  to  the  breath  monitor.  Subject's  breathing  pattern  is  recorded  on  the 
computer  for  later  use  with  the  breath  simulator.  (Adapted  from  Reference  23.) 
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Fig.  16.  Inspired  mass,  expired  mass,  and  total  mass  of  levalbuterol  collected  from  the  AeroEclipse  (shaded  bars)  and  the  LC  Star  (black 
bars)  during  1  minute  of  simulated  breathing  (type  of  breathing  S)  and  actual  subject  breathing  (type  of  breathing  A).  *  p  <  0.04  versus 
AeroEclipse  actual  breathing.  "  p  ■    0.01  versus  AeroEclipse  actual  and  simulated  breathing.  (Adapted  from  Reference  26.) 


solvent  through  the  impactor.  Ideally,  an  impactor  should 
be  used  with  an  operating  flow  that  matches  that  of 
the  nebulizer.  An  alternative  approach  is  to  use  a  low-flow 
(<  1  L/min)  impactor,  inserted  into  the  nebulizer  circuit 
close  to  the  mouth.'''  If  the  impactor  is  placed  perpendic- 
ular to  the  flow  of  air.  it  samples  only  a  fraction  of  the 
aerosol  inhaled.  However,  isokinetic  conditions  need  to  be 
established  so  the  air  stream  is  not  perturbed. 

Another  consideration  when  sizing  aerosols  is  the  inlet 
used  to  connect  the  nebulizer  and  the  impactor.  Figure  7 
shows  6  types  of  inlet  for  impactor  and  impinger  sizing 
systems.-"  The  amount  of  aerost)!  that  deposits  in  the  inlet 
depends  on  the  distance  between  the  inlet's  entrance  and 
its  back  wall.  Greater  aerosol  deposition  in  the  inlet  means 
less  aerosol  reaches  the  impactor  (Fig.  8).  Sampling  times 
with  nebulizer  aerosols  must  be  short  to  avoid  fluid  over- 
load on  the  impactor  stages.  Fluid  collected  on  the  stages 
can  be  analyzed  chemically.  Adtling  fluorescein  or  radioac- 
tivity to  the  drug  solution  or  suspension  provides  a  second 
tracer  for  quantifying  particle  size.  This  may  be  particularly 
useful  when  testing  suspension  aerosols.  Figure  9  shows  a 
y  camera  image  of  a  multi-stage  liquid  impinger  following 
sizing  with  a  radiolabeled  suspension-'  and  shows  the  dis- 
tribution of  radioactivity  in  the  inlet  and  the  various  stages. 
Attenuation  factors  for  the  various  impinger  stages  (in 
particular  the  end-stage)  must  be  factored  into  the  deter- 
mination of  the  dose  per  stage.  Measurements  demonstrat- 
ing changes  in  particle  size  with  ncbulization  time  have  shown 


that  these  changes  occur  mainly  in  the  first  2  minutes  of 
ncbulization  (Fig.  10).  reflecting  the  change  in  reservoir  fluid 
temperature. '-  In  this  example,  the  mass  median  aerodynamic 
diameter  miuginally  decreases  with  increasing  jet  gas  flow. 
In  addition,  the  particle  size  of  the  carrier  (which  in  Fig.  10  is 
fluorescein  in  distilled  water),  is  significantly  lower  than  for 
the  drug  dissolved  in  distilled  water.  Despite  the  concenU"a- 
tion  increase  during  ncbulization.  there  is  little  overall  effect 
on  the  aerosol  particle  size.  Applying  standard  methodology 


Table  ft. 


Comparison  of  In  Vitro  Studies  With  the  AeroEclipse 
Breath-.Actuated  Small-Volume  Nebulizer 


Bosco  et  al-'-* 

Geller  et  al-' 

Archer  et  al-* 

Levalbuterol 

Albuterol 

Albuterol 

(1.25  mg/3  mL) 

(2.5  mg/3  mL) 

(5  mg/mL) 

IM  (7r  start  dose) 

30.7  ±5.1 

.30.8  ±  2.8 

— 

FPM  (%  slarl  dose) 

20.2  ±  3.3 

22  ±  0.9 

— 

MMAD  (;um) 

2.9  +  0.1 

3.3  ±  0.2 

3.0  i  0. 1 

FPH  (emitted  7, 

66  ±4 

68  ±3 

— 

<  4.7  ixm) 

FPF  (impacted  9r 

79  ±3 

— 

82  ±2 

<  4.7  fini) 

Values  arc  iiic;iii  *  SD 

IM    -  iiispu'cd  tnass 

1-PM  =  fine  particle  mass 

MMAD  =  mass  median  acnHlynamic  diameter 

FPF  =  fine  particle  fraction 
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Fig.  17.  In  vivo  lung  deposition  scans  obtained  via  positron  emission  tomography  following  inhalation  of  a  similar  dose  of  tracer  from  2 
different  )et  nebulizers  (Ultravent  and  Pari  LC  Star).  Left  2  columns:  Normal  subjects.  Right  2  columns  (in  boxes):  Cystic  fibrosis  patients. 
Though  marked  differences  are  seen  betvi/een  the  normals  and  the  cystic  fibrosis  patients,  only  small  differences  are  seen  between  the 
scans  from  the  2  aerosols.  (Adapted  from  Reference  29.) 


to  the  sizing  data,  the  fine  particle  fraction  (percentage  of 
particles  <  4.7  /xm)  can  be  obtained  from  the  cunuilalive  si/e 
distnhuiion  ciir\e  and  apphed  to  the  measurement  of  emitted 
dose  to  gi\e  the  fine  p;irticle  dose  available  for  inhalation  at 
the  mouth. '^ 

Measuring  Drug  Output  Under  Simulated  or  Actual 
Breathing  Conditions 

Breath  simulators  can  be  used  to  drive  nebulizers  with 
standard  breathing  patterns  (Fig.  1  i  ).  pro\iding  measure- 
ments of  aerosol  delivery  under  breathing  conditions  that 
mimic  actual  adult  and  pediatric  breathing  patterns.^'  Fig- 
ure 12  shows  that,  whereas  the  in  \itro  measurement  of 


output  per  minute  of  cromolyn  sodium  from  the  Pari  LC 
StarJet  nebulizer  is  relatively  constant  during  continuous 
operation,  the  actual  drug  inhaled  at  the  mouth  is  a  func- 
tion of  tidal  volume  and  inspiratory  flow.  These  in  vitro 
measurements,  obtained  with  the  Compas  Breath  Simula- 
tor, show  varying  amounts  of  drug  available  at  the  "mouth" 
at  the  different  settings.  As  tidal  volume  is  a  function  of 
age.  it  can  be  seen  in  Figure  12  that  younger  children 
probably  will  not  receive  the  same  dose  of  aerosol  from  a 
nebulizer  as  an  older  child  or  adult,  unless  breathing  time 
is  prolonged.  We  have  performed  a  deposition  study  in 
intubated  and  spontaneously  breathing  neonates  with  bron- 
chopulmonary dysplasia,  in  which  we  compared  lung  de- 
livery fromjel  nebulizer  versus  metered-dose  inhaler  (MDI) 
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IVIMAD(^m) 

Fig.  18.  Relationship  between  particle  size  (mass  median  aerodynamic  diameter  [MMAD])  and  lung  deposition  (clear  bars)  and  oropharyn- 
geal deposition  (black  bars)  for  the  new  nebulizers.  Efficiency  of  lung  delivery  is  much  higher  than  with  conventional  jet  nebulizers.  ED  = 
emitted  dose.  (From  Reference  18,  with  permission.) 


with  holding  chamber.'-'  Similar  tn  tiie  in  vitro  simulation 
experiments,  we  found  a  linear  relationship  between  body 
weight  (proportional  to  tidal  volume)  and  dnjg  deposition  for 
the  neonates  breathing  from  the  nebulizer  (Fig.  13)  but  not 
w  ith  the  MDI.  However,  the  combination  of  a  more  concen- 
trated aerosol  from  the  holding  chamber  and  shorter  inhala- 
tion time  resulted  in  a  similar  moan  lung  dose  to  these  neo- 
nates. 

Simulators  can  also  be  used  to  diive  nebulizers  with 
actual  breathing  patterns  collected  from  human  subjects. 
The  breathing  pattern  is  measured  with  a  pneumotacho- 
graph and  recorded  by  a  breath-monitor/computer  system 
(Figure  14).-'  The  digitized  breathing  pattern  is  then  used 
to  control  a  breath  simulator  for  nebulizer  testing.  Nebu- 
lized drug  is  collected  on  filters  in  the  inspiratory  and 


Table  7.       Considerations  When  Selecting  a  Nebulizer 

Clinical  benefit 
Ease  of  use 

-Assembly,  cleaning,  portability 

-Face  mask  vs  mouthpiece 
Rate  of  drug  delivery 

-Treatment  time,  dose  in  single  actuation  vs  nebuli/alion  over  time, 
frequency  of  treatments 
Cost  and  convenience 

-Cost  of  competing  nebulizers 

-Use  with  all  drugs 

-Replacement  parts,  accessories 
Dose  delivered 

-Dose  depends  on  inspirators  How  rale 

-Breathing  pattern  required  for  optimal  dosing 

-Breath-actuated,  synchronization  with  actuation  ( metered-dose 
liquid  inhalers) 
Aerosol  characteristics 

-Mass  median  aerodynamic  diameter 

-Fine  particle  fraction 

-Fine  panicle  mass 
Upper  and  lower  respiratory  tract  deposilion 

-Efficiency  vs  other  aerosol  systems 

-Adverse  effects 


expiratory  paths  (see  Fig.  1 1 ),  We  have  used  the  simula- 
tion approach  to  compare  aerosolized  drug  delivered  to  the 
motith.  using  the  same  subjects  actually  breathing  through 
the  nebulizer  but  having  the  inhaled  and  exhaled  aerosol 
collected  on  absolute  filters  placed  between  the  mouth  and 
the  nebulizer  exit  (Fig.  15).--'-'^-''  Though  depetident  tm 
simulator  function  and  inherent  limitations  ot  reprodticing 
breathing  patterns,  we  obtained  a  giiod  correlation  between 
the  in  vitro  simulation  and  the  in  \itro/in  vivo  measure- 
ment of  delivery  of  levalbuterol  using  both  the  AeroEclipse 
breath-actuated  jet  nebulizer  and  the  Pari  LC  Star  breath- 
enhanced  jet  nebulizer  (Fig.  16).  Furthermore,  the  amoutil 
of  inhaled  drug  as  a  percentage  of  the  reservoir  fill  as  v\ell 
as  the  particle  size  distribution  data  from  our  experimetiis 
confirmed  measurements  for  the  AeroEclipse  from  other 
laboratories-' -''-'*  using  similar  experimental  setups  but 
different  drugs  (Table  6).  which  supports  the  advantage  of 
duplicate  measurements  using  standardized  methodologies. 

In  Vivo  Testing 

When  possible,  in  \'ivo  te.sting  of  nebuli/cr  performance 
should  be  done  to  provide  actual  use  data  to  the  clinician.  In 
vivo  testing  usually  consists  of  deposition  measurements 
and/or  clinical  response  data.  Figure  17  shows  in  vivo  positron 
emission  tomograms  of  lung  deposition  in  normals  and  cystic 
fibrosis  patients.-''  Two  types  of  nebulizer  were  used,  with  a 
3-fold  difference  in  median  particle  size  between  them.  In 
thet)ry,  the  finer  aerosol  should  deposit  more  distally  in  the 
lung,  but  in  the  cystic  fibrosis  patients  airway  obstruction 
precludes  that  peripheral  deposition.  This  type  of  information 
would  not  be  obtained  from  the  in  vitro  measurements  de- 
scribed above.  Figure  1 8  shows  deposition  data  for  st)me  of 
the  new-technology  nebulizers  discussed  at  the  30th  Respi- 
ratory Car!-:  Journal  conference  on  Liquid  Nebulization: 
Emerging  Technologies."*  "'  Lung  deposilion  is  much  greater 
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will)  ihcsc  new  iccliimloLiies  than  wiili  the  lypical  jci  ai\tl 
ullrasDiiicnobuli/cisc'DniMionlN  used  Ioila\ .  IIiIk'sc  new  iK-bu- 
li/eis  arc  used  wilh  ihe  siandard  llieiapies  (bronehodilalois. 
inhaled  corticosteroids,  anti-allergies),  adjustments  to  the  nom- 
inal dose  or  inhalation  lime  would  he  iet|uiieil  to  a\()iil  ail- 
verse  effects. 

Summary 

In  \iliii  iliise  oiilput  aiKl  particle  si/e  measurements  are 
necessary  to  assess  nebuli/er  performance.  In  general,  tlep- 
osition  data  from  in  \itro  studies  lend  to  overestimate  in 
vivo  deposition  data,  in  part  because  the  dose  tt)  the  orophar- 
ynx is  not  differentiated  from  the  li)tal  drug  captured  on  the 
filter.  A  complete  assessment  of  nebulizer  performance  for  a 
given  drug  would  require  in  v  itro  measurements  as  discussed 
abo\e.  as  well  as  deposition  data  in  the  target  population  and 
clinical  response  data.  As  outlined  in  Table  7.  other  practical 
information,  such  as  ease  of  use.  cost,  and  convenience  for 
the  patient,  can  be  obtained,  to  judge  how  the  tested  nebulizer 
compares  to  other  nebulizers  and  to  other  types  ot  aerosol 
delivery  systems. 
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Discussion 

Smaldone:  I  enjoyed  your  talk. 
Myrna.  I'd  like  to  eoninient  about  our 
appniaeli  to  these  stiulies.  because  in 
some  ways  1  agree  with  you  and  in 
other  ways  I  don't.  First  of  all.  I'm  not 
surprised  that  bench  studies  overesti- 
mate lung  deposition,  because  they 
don't  measLue  lung  deposition;  they 
nieasuie  the  amount  ol  diiig  that's  pre- 
sented to  the  patient,  and  w  ilh  tidal 
breathing  experiments  (particularly  in 
normals)  the  lung  deposition  is  going 
to  be  less,  because  the  aerosol  gels 
exhaled.  The  advantage  of  bench  stud- 
ies is  in  comparing  devices.  You  fix  a 
lot  of  variables,  you  compare  the  de- 
vices, and  then  when  you  go  into  the 
clinical  arena,  you  have  some  idea 
what  your  device  should  do  under  cer- 
tain circumstances.  I  think  that's  the 
major  advance,  and  it  takes  out  the 
device  difference:  if  you  measure  dep- 
osition in  vivo  but  you  don't  measure 
differences  between  devices,  then  you 
have  no  idea  why  the  deposition  is 
different.  I  think  that  is  the  message  to 
the  clinician. 

With  regaid  to  standartls.  I  think 
there  probably  should  be  some  stan- 
dards, but  they  should  be  viewed  for 
what  they  are.  meaning  recognizing 
that  a  USP  [United  States  Pharmaco- 
peia] throat  is  a  USP  throat,  and  when 
you  measure  a  delivery  using  a  USP 
throat,  you  have  delivery  with  a  USP 
throat.  It  doesn't  necessarily  say  that 
one  device  is  better  than  another,  and 
it  doesn't  necessarily  have  any  rele- 
vance to  drug  delivery  in  humans. 
There's  always  this  overlap  between 
whether  you're  predicting  what's  go- 
ing to  happen  in  the  patient  versus 
other  reasons  for  doing  a  bench  study. 
which  is  to  compare  devices,  not  to 
predict  deposition.  And  I  think  stan- 
dards are  interesting  and  useful,  but 
they  can  be  constraining  with  regard 
to  how  you  use  the  system.  It  has  to 
be  viewed  very  eaieliilly.  and  it  is  go- 
ing to  be  importanl  to  discuss  this  over 
the  course  of  this  eonterence. 


CJeller:  I  thuik  it's  important  to  do 
breath  simulation  experiments  in  a  lot 
of  cases  with  nebulizers,  because  the 
performance  characteristics  are  differ- 
ent if  you're  using  a  T-piece  versus  a 
breath-enhanced  versus  a  Sidestream 
nebulizer,  for  example.  If  you  don't 
do  breath  simulation  you  only  charac- 
terize how  much  aerosol  is  presented 
to  the  patient,  but  not  how  much  they 
would  inhale.  Breathing  patterns  can 
significantly  affect  the  amount  of  drug 
inhaled  from  different  nebulizer  types. 
So  these  kinds  of  issues  are  important, 
and  looking  at  those  data  without 
breath  simulation  with  different  kinds 
of  devices  may  not  be  optimal.  In  mea- 
suring particle  size  with  a  cascade  im- 
pactor.  how  important  is  the  effect  of 
the  cooling  of  the  reservoir  solution? 
Some  of  the  new  devices  don't  cause 
cooling. 

Dolovich:  I  would  think  that  if  it's 
cooled  there  would  be  little  change  in 
particle  size.  The  concentration  of  drug 
in  the  nebulizer  is  due  to  evaporation 
of  sohent.  and  the  rate  of  evaporation 
is  a  function  of  the  temperature  gra- 
tlient  between  the  solution  and  the  air 
into  which  the  aerosol  is  released.  The 
maximum  change  in  temperature  oc- 
curs in  the  first  2  minutes,  and  we  saw 
small  changes  in  droplet  size  during 
that  time,  as  measured  with  an  Andei- 
son  cascade  impactor.'  After  2  min- 
utes particle  size  changed  minimally. 
If  the  nebulizer  solution  is  cooled  from 
the  beginning  of  nebulization.  I  would 
expect  little  change  in  the  particle  size 
over  the  whole  nelndi/ation  time.  Pre- 
sumably if  the  tempeiatme  ol  the  air 
flowing  through  the  impactor  in- 
creases, then  further  evaporation  of  the 
aerosol  would  occur  and  an  e\en 
smaller  particle  size  would  be  mea- 
sured. 

The  other  issue  is  shearing  v\hen 
you're  gi\ing  liposome  formulations 
via  jet  nebulization.  Is  the  repetitive 
cycling  through  the  jet  nebulizer  go- 
ing to  cause  tlegradalion  of  a  liposome 
fornuilation','  It  iloes  in  some  cases. 
We  have  simie  ilata  show  in>:  that  shear- 


ing is  an  issue  for  liposomes  aerosol- 
ized by  some  devices. 
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Barry:  Warren  Finlay  published 
some  data  in  the  Jounuil  of  Aerosol 
Medicine  that  showed  that  the  Ander- 
son cascade  impactor  warms  up  as  you 
use  it.  and  that  that  changes  the  mea- 
sured particle  size.'  He  placed  an 
Anderson  impactor  in  a  water  bath  and 
kept  it  at  a  constant  temperature  and 
got  different  results.  We  presented 
some  data  at  the  Aerosol  Society's 
"Drug  Delivery  to  the  Lungs"  meet- 
ing- that  showed  that  the  liquid  im- 
pinger  cools  down  as  you  use  it,  be- 
cause of  latent  heat  of  evaporation, 
and  that  changes  the  emitted  particle 
size.  So  there  are  issues  w  ith  that. 
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Dolovich:  I  know  that  these  changes 
have  been  documented  atid  that  the 
changes  measured  tire  small.  When 
you  take  those  changes,  calculate  llie 
dilTerence  in  micrograms  of  drtig  de- 
livereil  to  the  mouth,  and  then  add  the 
patient's  elimeal  sttitits  oti  top  of  that, 
tire  we  reallv  looking  ;il  major  clinical 
effects  resulting  from  iliose  changes 
during  nebulization'.'  1  ihink  not.  But. 
hav  ing  stiid  th;»t.  it  is  im|iortant  to  itii- 
dersttind  the  process. 

Smaldone:  I  think  every  sittiation 
depends  on  vv  hat  you're  looking  at  and 
what  viHi  want  to  talk  about.  We've 
been  et>ncerned  ttboiit  the  issue  of  tem- 
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perature  changes  and  recently  we  looked 
prospecti\ely  at  temperature  changes.' 
It  is  indeed  true  that  nebulization  cools 
the  nebulizer,  but  by  the  time  the  parti- 
cles get  to  the  mouthpiece — and  we've 
measured  temperatures  in  various  types 
of  systems — they're  very  close  to  room 
temperature.  So  it  depends  on  what  you 
want  to  look  at;  with  lovv-tlow  cascade 
impaction  we've  cooled  down  cascade 
impactors  and  gotten  data  similar  to  what 
Stapleton  reported.-  but  it  primaiily  af- 
fects the  geometric  standard  distribution 
of  the  particles,  not  the  mass  median 
aerodynamic  diameter.  Our  observa- 
tions, for  whatever  kind  of  experiments, 
do  not  indicate  that  one  system  is  better 
than  another. 

When  you're  measuring  something, 
it  depends  on  what  you  want  to  mea- 
sure. Stapleton  used  an  Anderson  cas- 
cade impactor  that  runs  at  28  LVmin, 
which  1  would  never  use  in  a  nebulizer 
circuit.  1  have  no  idea  how  that  would 
relate  to  anything  that  we  would  do  in  a 
closed  nebulizer  system.  But  for  a  me- 
tered-dose  inhaler  it  makes  a  lot  of  sense. 
In  our  experiments,  by  the  time  the  par- 
ticles get  to  the  mouthpiece  they're  close 
to  room  temperature. 
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Barry:  This  raises  the  issue  of  com- 
paring studies  between  laboratories. 
You  need  to  state  the  exact  methods 
of  an  experiment,  and  if  you  don't  con- 
trol those,  then  it  is  not  just  devices 
that  you  are  comparing,  but  also  the 
way  you  and  1  do  experiments. 

Smaldone:  These  issues  apply  to 
any  other  engineering  problem  in  any 
engineering  laboratory.  If  you  state  the 
conditions  under  which  you  do  your 
experiments,  then  you  can  make  com- 
parisons. If  it  was  important  to  com- 


pare differences,  say,  between  our  lab 
and  yours,  if  the  conditions  arc  stated 
then  you  should  be  able  to  reproduce 
and  comment  on  those  differences,  as 
we  did  with  Stapleton's  experiments. 
We  did  our  experiments  under  a  dif- 
ferent set  of  conditions;  we  got  a  dif- 
ferent set  of  results,  which  have  rele- 
vance to  each  scenario.  But  I'm  not 
going  to  say  that  our  technique  is  bet- 
ter than  Stapleton's. 

Fink:*  Oneof  the  keys  to  this  seems 
to  be  educating  the  clinician  or  end- 
u.ser  about  how  to  interpret  these  stud- 
ies, and  to  understand  how  these  vari- 
ables in  the  experimental  model  affect 
the  results  so  that  they  can  compare 
and  apply  them  in  a  meaningful  way. 
It's  a  daunting  task.  Is  it  reasonable  to 
take  a  bench  model  with  some  in  vivo 
correlation  and  develop  a  database  so 
that  you  have  predictive  capability 
from  in  vitro  data  to  in  vivo? 

Dolovich:  I  think  it  is.  But  I  would 
use  a  simulator  with  actual  breathing 
patterns  recorded  from  patients  rather 
than  setting  it  up  to  test  an  ideal  breath- 
ing pattern,  because  that  does  make  a 
difference.  If  you  can  capture  patient 
breathing  patterns  and  feed  them  into 
the  simulator.  I  think  you'd  be  2  steps 
ahead  of  just  setting  up  the  simulator 
to  drive  the  nebulizer  under  ideal  con- 
ditions. 

Maclntyre:  I  want  to  echo  Jim's 
[Fink]  point.  I  think  clinicians  get  con- 
fused because  they  don't  understand 
what  the  numerators  and  denomina- 
tors are  when  we  talk  about  deposi- 
tion fractions.  Sometimes  the  denom- 
inator is  the  amount  we  start  with  in 
the  nebulizer.  st)metimes  it's  what 
comes  out  of  the  device,  and  some- 
times it's  what  goes  into  the  mouth. 
The  numerator  gets  confusing  too.  Are 
we  talking  about  what's  in  the  air- 
way? What's  in  the  lung?  What's  in 
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the  thorax  as  a  whole?  I  just  fiiitl  it 
very  confusing  when  we  talk  about 
"deposition"  and  express  it  as  a  per- 
centage when  we  haven't  clearly  de- 
fined what  the  numerators  and  the  de- 
nonnnati)rs  are.  My  question  is,  what 
about  this  measuring  of  urine  or  se- 
rum concentrations  as  the  ultimate  re- 
tlection  of  deposition?  Yt)u  didn't 
mention  that  as  an  in  vivo  test. 

Dolovich:  No.  1  didn't,  but  urine  and 
plasma  levels  have  certainly  been  used 
as  a  measure  of  deposition  in  a  num- 
ber of  studies.  An  early  study  from 
Michael  Silverman  measured  sodium 
cromoglycate  in  urine  from  babies,  and 
the  delivery  was  <  1.5%.'  These  mea- 
sures don't  tell  you  where  the  drug  is; 
they  only  tell  you  what's  been  ab- 
sorbed from  the  lung  and  into  the  cir- 
culation and  excreted.  You  can't  de- 
termine regional  distribution  of  drug 
with  those  urine  or  serum  measure- 
ments. It  tells  you  something  about 
delivery,  but  not  the  whole  story. 
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Rau:  1  think  that's  an  important 
problem  you've  addressed.  I  teach  stu- 
dents and  we  need  to  know  what  to 
teach  them,  and  that's  what  they  want 
to  know:  what  is  the  correct  thing? 
What  does  this  do?  Which  way  should 
we  do  it?  One  solution  would  be  that 
every  lab  does  everything  exactly  the 
same;  that's  not  likely  and  not  practi- 
cal, because  we  do  what  we  can  and 
sometimes  we're  looking  at  different 
things.  But  1  do  think  it  links  to  the 
regulatory  issue.  It  is  nice,  though,  to 
have  some  data  that  are  comparable, 
and  that  is  done  under  some  form  of 
standardized  conditions.  This  was  the 
case  with  the  USP  standards  for  test- 
ing plumes  from  metered-dose  inhal- 
ers. At  least  if  you  have  that,  then  you 
can  go  changing  other  things,  looking 
at  other  breathing  patterns,  with  sim- 
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ulators. and  so  loilli.  llial  atadeniicians 
can  play  with  to  sec  ""what  liappcns 
it."  But  it  is  nice  to  ha\c  some  com- 
mon ilenominalor  somewhere,  ami  I 
think  that  gels  to  the  legulatoi y  issue, 
not  the  research  issue  that  many  of  us 
are  in\()i\ed  in. 

Dolovich:  I  can't  agree  vvitii  you 
more.  1  thini<  the  regulatory  require- 
ments are  for  a  different  purpose.  They 
need  to  have  you  show  what  the  de- 
vice produces  ciimpared  to  a  device 
already  on  the  market,  and  vshether 
there's  going  to  be  a  benefit  to  the 
patient  from  that  particular  device.  But 
that  doesn't  take  into  account  all  the 
other  questions. 

Dhand:  One  of  the  factors  that  you 
alluded  to,  and  we  ha\e  to  consider  it 
as  an  important  factor,  is  the  disease 
itself.  As  you  shinved,  there  was  a  sig- 
nificant difference  between  cystic  fi- 
brosis patients  and  noiiiials.  I'm  sure 
that  those  differences  translale  into  dif- 
ferences in  patient  response.  Thus,  not 
only  are  the  age.  lung  size,  and  airway 
geometry  important:  the  presence  of 
airflow  obstruction  is  also  important. 
For  example,  in  terms  of  bronchodi- 
lators.  the  site  of  the  air  flow  obstruc- 
tion and  absolute  lung  size  are  impor- 
tant variables  that  influence  hou  much 
deposition  occurs  and  wheie. 

The  second  point  I  ^Aant  to  make  is 
about  the  plasma  measurements  that 
Neil  |MacIntyre|  brought  up.  Using 
the  urine  is  a  simpler  estimation  be- 
cause there's  much  more  diug  in  the 
urine  than  there  is  in  the  plasma.  But 
there  are  more  confounding  factors 
when  you  analyze  drugs  in  urine  than 
in  plasma.  So  we  like  to  analyze  the 
plasma  rather  than  the  urine  to  deter- 
mine how  much  drug  is  absorbed  from 
the  lung.  If  you  look  at  the  first  .■^0-60 
minutes  after  inhalation,  especially 


Willi  albuterol,  you  get  a  fairly  clear 
pictLue  of  what's  coming  thiough  the 
lung,  because  the  gaslrointesiinal  ab- 
sorption takes  a  little  longer,  and  you 
see  that  peak  someuhere  between  60 
and  I2U  minutes  alter  inhalation.  .So  if 
we  restrict  ourselves  to  the  30  -  60  mi  n- 
utes  after  inhalation,  we  can  get  a  fairly 
good,  although  indirect,  estimate  of 
how  much  drug  deposition  is  occur- 
ring in  the  lung. 

Smaldone:  Regarding  Joe's  [Rau] 
comments  about  teaching  and  regula- 
tion, I  agree  that  there  has  to  be  stan- 
dardization for  comparisons,  and. 
again,  using  the  MDI  scenario,  in  my 
opinion  the  regulatory  aspect  of  bench 
testing  for  MDIs  is  QC  [quality  con- 
trol], period!  I  think  that's  the  way  it 
ought  to  be  for  nebulizers,  and  if  you 
want  to  do  that  with  the  simulator, 
that's  fine  with  me.  But  then,  to  add 
on  a  statement  that  a  given  technique 
is  universally  "better  for  patients"  or  a 
better  predictor  of  deposition  or  what- 
ever, is  a  mistake,  I  think,  because 
there  are  so  many  other  issues  in- 
\ olved,  and  then  it  becomes  constrain- 
ing. It  then  becomes  a  marketing  is- 
sue. 1  think  we  have  to  stay  away  from 
that.  If  you  want  to  have  QC,  that's 
fine,  and  I  think  that's  important. 

For  example,  right  now  there  is  no 
QC  for  the  sale  of  510(k)  [section 
510(k)  of  the  Food,  Drug,  and  Cos- 
metics Act]  devices.  The  issue  of  re- 
producibility is  important,  and  it  ought 
to  be  standardized,  but  to  imply  that  a 
fixed  technique  can  determine  that  a 
device  is  better  under  all  circumstances 
is  very  difficult  to  accept  because  of 
the  vagaries  of  human  physiology  and 
disease.  I'm  all  for  testing — we  do  it 
all  the  time,  and  we  use  it  all  the  time — 
but  that's  from  a  scientific  point  of 
view,  not  a  QC  pt)int  of  view.  And  I 


think  that  if  that  makes  teaching  com- 
plicated, that's  too  bad.  There's  a  cer- 
tain amount  of  QC  that  you  develop, 
and  then  there's  all  the  rest  of  it.  But 
I'm  worried  that  we're  going  to  reg- 
ulate ourselves  into  a  corner. 

Dennis:  We've  been  involved  in 
standardizing  nebulizer  output  in  Eu- 
rope for  2  decades,  and  I  w  ant  to  make 
one  point.  There  are  no  clinical  trials 
done  for  most  nebulized  drugs, 
whereas  there  are  for  MDIs.  So  phy- 
sicians can  rely  on  clinical  evidence 
for  MDIs  and  they  can  make  valid 
decisions.  When  they  come  to  choose 
a  nebulizer  deli\ery  system,  they  can't 
interpret  the  stuff  that's  out  on  the  mar- 
ketplace. It's  warped.  Even  if  it's  not 
waiped,  it's  very  difficult  to  interpret. 
Unless  you  have  some  level  playing 
field  somewhere,  a  valid  decision  can't 
be  made  by  your  average  clinician  in 
the  field.  That's  why  I  think  we  need 
some  kind  of  regulatory  standard — 
some  kind  of  consistent  set  of  results 
that  does  not  stop  for  the  research, 
that  doesn't  stop  for  the  testing  and 
the  desired  experiments  for  particular 
applications.  There  has  to  be  some  lev- 
eling of  the  playing  field. 

O'Riordan:  For  nebulized  drugs  the 
FDA  relies  on  clinical  trials  rather  than 
bench  studies.  Ideally  they  want  the 
drug  matched  with  the  nebulizer  and 
the  compressor  for  the  clinical  trial. 
That's  the  combination  that  should  be 
marketed  afterward.  The  FDA  is  re- 
luctant to  draw  clinical  implications 
from  bench  testing.  I  think  that's  a 
wise  policy,  because  inhalation  ther- 
apy can  be  "chaotic"  in  terms  of  aero- 
sol generation  and  physiology  and 
breathing  pattern,  making  it  difficult 
to  extrapolate  from  existing  bench 
techniques. 
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To  deliver  a  drug  by  nebulization.  the  drug  must  first  be  dispersed  in  a  liquid  (usually  aqueous) 
medium.  After  application  of  a  dispersing  force  (either  a  jet  of  gas  or  ultrasonic  waves),  the  drug 
particles  are  contained  within  the  aerosol  droplets,  which  are  then  inhaled.  Some  drugs  readily 
dissolve  in  water,  whereas  others  need  a  cosolvent  such  as  ethanol  or  propylene  glycol.  Some  drugs 
are  delivered  as  suspensions,  and  the  efficiency  of  nebulizers  can  be  different  for  solutions  and 
suspensions.  Solutions  are  delivered  more  efficiently  with  most  devices.  In  general,  conventional 
ultrasonic  nebulizers  should  not  be  used  to  aerosolize  suspensions,  because  of  low  efficiency.  Newer 
strategies  to  improve  the  delivery  of  non-water-soluble  drugs  include  the  use  of  liposomes  and  the 
milling  of  the  drug  into  very  small  "nanoparticles."  In  addition  to  the  active  therapeutic  ingredient 
and  solvents,  drug  formulations  may  include  buffers  (the  solubility  of  some  medications  is  influ- 
enced by  pH),  stabilizers,  and,  in  the  case  of  multi-dose  preparations,  antibacterial  agents.  Though 
formulations  are  designed  to  optimize  drug  solubility  and  stability,  changes  in  formulation  can  also 
affect  inhaled  mass,  particle  size,  and  treatment  time,  though  the  differences  between  nebulizer 
brands  probably  have  a  greater  impact  than  differences  in  formulation.  I'ltrasonic  and  jet  nebu- 
lizers may  damage  protein  and  other  complex  agents  through  heat  or  shear  stress.  Additives  to 
multi-dose  formulations,  especially  antimicrobial  and  chelating  agents,  may  cause  adverse  events,  so 
there  is  a  trend  towards  single-use,  preservative-free  vials.  AVv  uonl.s:  nchulizniion.  nchiili:cr.  aero- 
sol, formulation,  mmoparlicles.     (Respir  Care  2002;47(  11 ): 1 305-1 3 12) 
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Introduction 

Aerosolization  of  aqueous  solutions  aiKl  suspensions  is 
an  important  therapeutic  option  in  the  nianaeenient  of  re- 
spiratory disease.  Even  though  the  majority  of  patients 
with  respiratory  disorders  use  pressurized  metered-dose 
inhalers  and  dry  powder  inhalers  to  administer  inhaled 
/3-agonists  and  inhaled  corticosteroids,  nebuli/ation  re- 
mains a  popular  choice  for  certain  groups  of  patients;  for 
example,  corticosteroids  are  nebulized  for  young  children, 
and  /3^-agonists  are  nebulized  for  critically  ill.  emergency 
room  patients.  In  those  settings,  nebulizers"  simplicity  of 
use  and  reliability  are  advantageous  because  patient  coop- 
eration may  be  limited. 

Nebulizers  are  also  an  attractive  option  for  drugs  that 
need  to  be  delivered  in  relatively  large  quantities  (eg.  hun- 
dreds of  milligrams  in  the  case  of  antibiotics  for  cystic 
fibrosis  patients).  In  addition,  because  of  the  relatively 
simple  design,  nebulizers  will  probably  remain  an  attrac- 
tive option  for  early  "proof  of  concept"  studies  with  new 
chemical  entities  and  the  exploration  of  new  indications 
for  established  medications.  The  latter  objective  has  often 
been  pursued  by  aerosolization  of  existing  intravenous  or 
even  nasal  formulations.  However,  the  recent  death  of  a 
research  volunteer'  after  inhalation  of  an  investigator-pre- 
pared formulation  of  hexamethonium  is  expected  to  lead 
to  closer  scrutiny  of  proposals  for  inhalation  of  new  chem- 
ical entities  or  formulations  that  are  only  approved  for 
noninhalation  modes  of  delivery. 

Solutions 

To  deliver  a  drug  by  nebulization  the  drug  must  first  be 
dispersed  in  a  Uquid  (usually  aqueous)  medium.  Ideally  the 
drug  should  be  in  solution,  which  is  defined  as  a  system  in 
which  soluble  solid  particles  are  dispersed  in  a  liquid  medi- 
um.- ''  After  application  of  a  dispersing  force  (either  a  jet  of 
gas  or  ultrasonic  waves),  the  dmg  particles  are  contained 
within  the  aerosol  droplets,  which  ;ire  then  inhaled. 

Solubility  in  Water 


apeutic  formulations  have  to  undergo  a  toxicology  evalu- 
ation that  can  be  as  rigorous  as  that  required  tor  the  active 
ingredients  of  the  formulation.  For  that  reast)n.  well-tested 
cosolvents  such  as  propylene  glycol  and  ethanol  are  pre- 
ferred over  novel  compounds  in  drug  development. 

2.  pH  Adjustment.  The  solubility  of  weak  acids  and 
bases  can  be  enhanced  by  pH  adjustment.-  "^  In  addition  to 
their  effect  on  solubility,  pH  adjustment  and  buffering  are 
also  important  for  the  shelf-life  stability  of  solutions  and 
may  be  important  for  their  effects  on  the  airway.  For  ex- 
ample, the  /3;-agonists  albuterol  and  terbutaline  are  more 
stable  in  an  acid  pH.  The  pH  of  therapeutic  agents  is  usu- 
ally >  3.0.  If  the  solution  is  buffered,  there  will  be  a  greater 
impact  on  the  pH  of  the  airway,  thus  maintaining  the  dmg  at 
a  favorable  pH  at  the  site  of  delivery.  The  considerable  buff- 
ering capacity  of  the  lung  means  that  formulations  with  a 
pH  >  3.0  are  usually  well  tolerated,  although  a  pH  of  >  5.0 
may  be  preferable  for  subjects  with  airway  hyperreactivity.^ 

3.  Solubilization  Agents  (Surfactants).  These  are  a 
third  option  to  increase  solubility.  The  agent  should  have 
a  hydrophilerlipophile  ratio  of  15  and  be  miscible  in  water. 
Like  cosolvents,  they  have  been  shown  to  be  safe  for 
inhalation. - 

Nonaqueous  Solutions 

Though  ethanol  can  be  substituted  for  water,  it  tends  to 
be  iiritating  to  the  airway  and  is  best  used  as  a  cosolvent 
in  a  more  dilute  form.  Propylene  glycol  is  less  irritating 
but  is  also  usually  used  in  a  dilute  form.  In  high  doses, 
propylene  glycol  can  produce  clinical  features  suggestive 
of  mild  ethylene  glycol  toxicity,  but  such  findings  have  not 
occurred  at  the  doses  used  in  conventional  pharmaceutical 
development.  Formulations  of  cyclosporine  that  use  etha- 
nol and  propylene  glycol  have  produced  therapeutic  ben- 
efits in  patients  with  advanced  lung  allograft  rejection.'*'^ 
Though  the  propylene  glycol  was  better  tolerated  than  the 
ethanol,  patients  experienced  cough  and  upper  airway  ir- 
ritation with  both  formulations. 


Solubility  in  water  should  be  the  first  consideration  in  the 
devekipmcnl  of  a  formulation  for  nehiili/ation.  Though  not 
all  medications  are  readiK  soluble,  a  number  of  strategies 
have  been  employed  to  increase  aqueous  solubility:-  '' 

1.  Cosolvents.  Tiie  ai|ueous  solubility  of  some  medica- 
tions can  be  enhanced  by  the  use  of  cosolvents.  A  cosol- 
vent is  a  water-misciblc  agent  in  which  the  medication  is 
freely  soluble  and  has  a  dielectric  constant  similar  lo  wa- 
ter. Ethanol  and  propylene  glycol  are  used  as  solvents  and 
are  well  tolerated  in  low  concentrations.  It  should  be  re- 
membered that  all  cosolvents  and  other  excipients  in  ther- 


Modification  of  Other  Characteristics  of  Solutions 

Other  characteristics  of  solutions  that  may  affect  their 
nebulization  characteristics  include  surface  tension,  vis- 
cosity, density,  tonicity,  and  volatility.-"'  "  In  pharma- 
ceutical development  these  variables  are  changed  when 
substances  (either  medicatit)ns  or  excipients)  are  added  to 
water,  because  most  commercial  inhalation  formulations 
are  aquciuis.  Changing  these  characteristics  may  affect  the 
size  of  the  aerosol  droplets,  the  inhaled  mass  (the  percent- 
age of  the  nebulizer  charge  that  is  available  for  inhalation), 
or  the  time  required  lor  nebulization. 
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Fig.  1.  Left:  Effects  of  increasing  concentrations  of  propylene  glycol  on  surface  tension  (closed  circles)  and  viscosity  (open  squares).  Right: 
Effects  of  the  change  in  propylene  glycol  on  particle  size,  using  2  nebulizers.  (From  Reference  11,  with  permission.) 


1.  Modify inji  Surface  Ten.sion.  Viscosity,  and  Density. 

As.sessing  the  ett'ects  of  changing  one  variable  is  comph- 
cated  by  the  fact  that  changing  one  variable  may  also  alter 
another  variable  (eg.  decreasing  surface  tension  by  adding 
propylene  glycol  may  increase  viscosity)  (Figure  1),''  In 
general,  it  is  believed,  all  other  factors  being  constant, 
increasing  surface  tension,  viscosity,  or  density  results  in 
larger  aerosol  droplets  and  increases  inhaled  mass.'"  How- 
ever, though  modifying  those  \ariables  can  affect  the  driip- 
let  size  of  the  primary  aerosol,  the  effect  of  nebulizer 
design,  especially  the  design  of  baffles  and  methods  of 
solution  "recycling"'  within  the  de\ice.  are  thought  to  be 
much  more  important  determinants  of  the  aerosol  particle 
size.^  For  example.  Newman  et  al  studied  the  effects  of 
different  viscosities  and  surface  tensions  on  the  droplet 
size  from  commercial  nebulizers  and  found  no  relationship 
between  droplet  size  and  those  2  variables.  They  did.  how- 
ever, observe  that  the  increased  viscosity  of  a  carbenicillin 
solution  was  associated  with  longer  treatment  time.'- 

2.  Volatility.  Figure  2  shows  an  extreme  example  of 
how  altering  volatility  can  affect  nebulizer  performance. 
Though  the  inhaled  mass  of  nebulized  propylene  glycol 
and  ethanol  are  similar,  the  time  needed  to  achieve  the 
inhaled  mass  is  5  times  longer  with  propylene  glycol." 
Volatile  aerosols  can  be  irritating  to  the  airway,  anil  the 
droplets  in  a  dense  aerosol  cloud  may  be  pione  to  coalesce 
into  larger  droplets. 


3.  Changes  in  Tonicity.  Increases  in  tonicity  can  occur 
during  nebulization  if  the  solvent  nebulizes  faster  than  the 
solute,  increasing  the  concentration  in  the  nebulizer  cup. '"'''^ 
The  tonicity  increases  in  the  nebulizer  cup  appear  to  cor- 
relate with  increased  concentrations  in  the  aerosol  droplets 
(Fig.  3),  However,  the  changes  differ  among  various  for- 
mulations of  the  same  medication.  Concern  has  been  ex- 
pressed that  the  increased  tonicity  may  cause  bronchial 
irritation  in  children  with  airway  hyperreactivity,^  and  be- 
cause this  phenomenon  is  lime-dcpcndcnt  it  has  been  pro- 
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Fig.  2.  Comparison  of  the  inhaled  mass  and  treatment  time  of  a 
solution  of  propylene  glycol  (open  circles)  and  ethanol  (closed 
circle).  Note  the  similarity  in  inhaled  mass  but  the  marked  differ- 
ence in  treatment  times.  (From  Reference  13.  with  permission.) 
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Fig.  3.  Comparison  of  osmolality  measured  in  the  air  stream  (open 
circles)  and  in  the  nebulizer  reservoir  (closed  circles),  with  2  start- 
ing volumes  of  normal  saline  (NaCI),  and  with  disodium  cromogly- 
cate  (DSCG),  with  2  nebulizers  (Novair  and  Hospitak).  (From  Ref- 
erence 15,  with  permission.) 


posed  that  certain  formulations  be  subject  to  a  maximum 
nebulization  time.'-* 


Wetting  with  alcohol  is  another  altcniali\c.  The  use  of 
liposomes  is  discussed  bclov\. 

Dtllocculated  Suspensions 

Suspensions  can  be  flocculated  or  deflocculated.-  Al- 
most all  pharmaceutical  suspensions  are  detlocculated.  In 
a  deflocculated  suspension,  weak  electrostatic  bonds  de- 
velop between  the  particles,  which  settle  out  of  suspension 
in  loose  aggregates  that  are  readily  dispersed  by  shaking. 
In  contrast,  a  flocculated  suspension  will  settle  on  the 
botloni  of  the  container,  forming  a  cake  that  is  difficult  to 
disrupt  for  nebulization.  Deflocculaiioii  is  generally 
achieved  by  the  addition  of  salts. 

Nebulization  of  Suspensions 

In  general,  suspensions  are  less  efficiently  nebulized 
than  solutions  (Fig.  4).'-*'*'  '^  This  is  particularly  true  of 
conventional  ultrasonic  nebulizers.  During  ultrasonic  neb- 
ulization the  transmission  of  energy  to  the  surface  of  the 
liquid  causes  droplet  formation  from  the  surface.  Because 
of  the  tendency  of  the  drug  particles  to  settle  beneath  the 
surface,  the  aerosolized  droplets  may  not  contain  drug 
particles.  Similarly,  a  jet  nebulizer  that  efficiently  pro- 
duces a  1-2  fxm  aerosol  from  a  solution  may  be  inefficient 
in  nebulizing  a  suspension  if  the  particles  are  too  large  to 
be  entrained  by  the  droplets.  With  nebulizers  there  are 
vs  ide  differences  in  the  delivery  efficiency  of  suspensions 
and  solutions.  It  should  not  be  assumed  that  an  efficient 
nebulizer  for  solutions  would  be  equally  efficient  for  sus- 
pensions. Specific  testing  of  the  suspension  should  be  un- 
dertaken with  each  device  considered  for  use. 

Nanosuspensions 


Suspensions 

A  suspension  is  a  system  in  which  insoluble  solid  particles 
are  dispersed  in  a  liquid  medium.'  ^  Mt)st  pharmaceutical 
suspensions  are  classified  as  coarse  suspensions  because  the 
mean  particle  size  is  >  I  ixm.  The  drug  piirticles  are  gener- 
ally manufactured  by  milling  ov  crvstallization. 

Hydrophobic  Suspensions. 

The  internal  phase  characteristics  of  a  suspension  can  be 
classified  as  hydrophilic  or  hydrophobic-  ''  With  hydro- 
phobic suspensions  certain  agents  can  be  used  to  increase 
aqueous  dispersion.  Wetting  agents  (eg.  surfactant  in  low 
concentration  I  arc  commonly  used  to  reduce  contact  angle 
between  particles  and  liquids.  Hydi'ophilic  colloids  (eg. 
alginates)  are  rarely  used  in  pharmacculical  lormulations. 


Preliminary  data  (see  Table  1 )  indicate  that  milling  budes- 
onide  particles  into  submicronic  nanopailicles  increases  the 
efficiency  of  budesonide  delivery  via  consentional  jet  nebu- 
lizer, a  conventional  ultrasonic  nebulizer,  and  a  new  aerosol 
device  (Pari  ePIow  electronic  inhaler)  that  uses  a  vibrating 
crystal  to  generate  aerosol."^  Nevertheless,  the  efficiency  of 
the  conventional  ultrasonic  nebulizer  was  significantly  less 
than  that  of  the  other  2  devices,  suggesting  that  even  with 
nanosuspensions  conventional  ultrasonic  nebulizers  should 
not  be  used.  Another  preparation,  which  used  nanocrystals  of 
budesonide  (particle  sizes  of  O.I-I.O  jum).  delivered  via  jet 
ncbuli/er.  also  produced  a  higher  proportion  of  respirable 
piirticles  than  a  conventional  budesonide  suspension.'" 

Though  nanosuspensions  show  promise  of  enhancing 
delivery,  a  safety  concern  may  need  to  be  addressed  with 
regard  to  small  particles.  Inhaling  small  insoluble  parti- 
cles, especially  particles  <  O.O.'i  ;um.  may  have  a  tendency 
to  provoke  an  inflammatory  response  in  the  lung.-"  The 
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Fig.  4.  Nebulizer  outputs  witli  a  saline  solution  (A)  versus  a  budesonide  suspension  (B).  Note  the  marked  performance  difference  with  the 
ultrasonic  device  (Pulmosonic).  (From  Reference  16.  with  permission.) 


nanoparticles  described  by  Keller"*  were  0.8  /xm  in  diam- 
eter, and  those  described  by  Mohsen  et  al'"  ranged  tri)m 
0.1  jLim  to  I  fj-tn,  so  this  concern  may  not  apply  to  these 
formulations.  However,  if  particles  are  milled  to  smaller 
diameters,  this  concern  would  have  to  be  addressed. 


Liposomes 

Liposomes  can  be  defined  as  microscopic  spherical  ves- 
icles that  ft)rni  when  phospholipids  are  hydrated.-'  "-  Li- 
postxiies  offer  an  alternalive  appn)uch  io  nebuli/insi  non- 
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Tahic  1.       titTccl  of  Nebuli/ation  and  Formulation  Type  on  Aerosol  Output  Characteristics 


Budesonido  1 1  mi;/2  mL) 


Puii  LC  Plus 
Multisonic  Intra  Control 
Pari  eFlow 


BSS  -  batanccd  salt  solution 
(Adapted  trotn  Reference  18.1 


Einitlcd  Aerosol 
Weight  Loss  (g) 


Pulmicort 


BSS 


1.4  i  0.1 

11  n  0.1 

1  .fi  -  0. 1 


Delivered  Dose  (/ig) 


Fine  Panicle  Fraction 
(9c  <  5.8  ;jini) 


Puhnicort 


BSS 


Pulmicort 


BSS 


Respirable  Dose  (fig) 
Pulmicort  BSS 


1.5  ±  0.1  252    ±  9  386  ±  1 1  63  ±  3  70  ±  3 

O.y  i  0. 1  47    ±  6  77    ±  5  75  ±  4  82  ±  3 

l.h-O.l  246  ±  27  462-27  92  ±  2  91  ±  2 


160    ±  6  269    ±  8 

35    i  5  63    ±  4 

227  i  25  421  i  41 


water-soluble  drugs.  A  bench  study  by  Berlinski  and 
Waldrep  slmwed  that  a  liposome  (diiauroylphosphatidyl 
choline  |DLPC|)  foniuilation  ot  budesonide  resulted  in 
greater  inhaled  mass  than  did  a  conventional  suspension 
{Fig.  5).--  DLPC  has  also  been  used  to  deli\er  cyclospor- 
ine  in  \itix)  and  to  animal  models.-" 

It  has  been  also  shown  that  jet  nebuli/alion  of  a  mixture 
ol  water  and  sheets  ol  [ihospholipid  can  piiiduee  lipo- 
somes of  respirable  diameter.-'--  indicating  that  the  lipo- 
.somes  do  not  ha\e  to  be  preformed  as  spheres  of  appro- 
priate size.  In  selecting  the  t\pe  of  phospholipid  for 
liposomes  it  is  desirable  to  use  a  stibstaiice  with  a  gel-to- 
iiquid  temperature  that  is  above  the  operating  temperature 
of  the  nebulizer;  otherwise,  the  maleiial  mav  be  too  rigid 
for  nebulization.  It  should  be  borne  in  mind  thai  the  solu- 
tion temperature  in  a  Jet  nebulizer  may  drop  as  much  as 
L'i"  F  or  10'  C.  Though  that  is  not  a  concern  for  most 
drugs,  it  could  a  have  a  very  important  effect  on  ceilain 
liposomes. 

The  use  of  liposomes  has  also  been  advocated  to  pro- 
long aerosol  particle  residence  time  m  ihe  lung  and  thus 
improve  deposition,  but  the  feasibilits  and  utility  tif  that 
property  ha\e  not  been  con\incingl\  demonstrated.  Neb- 
ulized liposomes  are  being  studied  as  vectors  for  gene 
therapy  of  lung  disease.-'-^  Cationic  liposomes,  and  more 
recently  cationic  polymers,  have  been  complexed  u  ith  de- 
oxyribonucleic acid--*  and  adminisieied  via  inhalation,  as 
an  alternative  to  viral  vectors.  It  has  been  reported  that 
some  of  the  formulations  ate  more  susceptible  than  others 
to  time-dependent  shear  stress  degradation  during  jet  neb- 
ulization (Fig.  6).-"' 

Preservatives  and  Antioxidants 

The  treinl  in  the  dexelopmenl  ol  commercial  formula- 
tions is  that  unit-dose  formulations  are  replacing  multi- 
dose  formulations.-  ''  primarily  because  of  the  need  for 
preservatives  in  multi-dose  formulations.  Antimicrobials 
such  as  benzalkoiiium  have  been  repoiled  lo  cause  hron- 
chospasm.  Also,  oxidation  can  decrease  the  activity  of  a 
medication.  In  a  sealed  unit-dose  container,  nitrogen  can 


be  used  as  an  antioxidant,  but  that  protection  is  lost  once 
the  vial  is  opened.  For  multi-dose  preparations,  chelating 
agents  (eg.  ethylenediaminetetraacetic  acid  |EDTA|.  ci- 
trate) prevent  oxidation  by  binding  the  metallic  ions  that 
catalyze  oxidation.  However,  chelating  agents  have  also 
been  implicated  in  bronchospasm.  In  c()ntrast  to  multi- 
dose  formulations,  unit-dose  preparations  are  often  labeled 
as  "preservative  free"  because  they  do  not  contain  antimi- 
crobials or  antioxidants.  Clinical  adverse  events  associated 
with  preservatives  and  other  additives  have  been  reviewed 
by  Beasley  et  al.' 

Another  trend  in  the  development  of  commercial  neb- 
ulizer formulations  in  the  United  States  has  been  for  unit- 
dtise  vials  to  avoid  the  use  of  adhesive  labels,  relying 
instead  on  embossed  lettering.  This  is  because  of  concern 
that  the  adhesives  used  in  the  label  may  leech  through  the 
plastic  vial  and  contaminate  the  formulation,  albeit  at  very 
low  concentrations. 

Alterations  to  Formulations  During  Nebulization 

Jet  and  ultrasonic  nebulizers  can  alter  medications 
thiougli  shear  stress  and  heat  stress,  respectively.'"  Ultra- 
sonic nebulizers  generate  heat  during  nebulizaiion  and  the 
heat  produced  is  proportional  to  the  frequencv.  Higher 
frequencies  produce  smaller  patlicles  (most  devices  oper- 
ate at  1-3  MHz:  at  5  MHz  water  boils!  I.  Thus,  ii  is  m  the 
nebulizers  that  are  designed  to  produce  small  particles  that 
heat  stress  is  most  likelv .  Complex  proteins  and  gene  ther- 
ap\  vectors  aie  much  more  liable  to  damage  than  are  small 
molecules  such  as  albuterol,  which  ate  generally  unaf- 
fected. Various  methods  of  conducting  the  heat  away  from 
the  solution  have  been  tried,  with  variable  success. ■* 

Jet  nebulizer  shear  stress  damage  to  prt)teins  and  gene 
thera|iy  vectors  mav  also  occur.-"'  Because  increasing  the 
nebulizer  power-gas  How  rate  viekis  smaller  particles,  the 
small-particle  nebulizers  may  be  more  likely  lo  produce 
stich  stress,  allhough  factors  other  than  \^o\\  also  affect 
particle  size,  so  that  risk  is  mit  predictable.  In  contrast  to 
tillrasonic  nebtilizers.  the  solution  temperature  decreases 
during  jet  nebulization.  which  could  be  a  problem  for  some 
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■  Liposomal 
D  MJcronized 


Ultrasonic  Aero  II  (6  Umin)     Aero  II  (10  L/mIn)       Sid  (6  L/min)  Sid  (8  L/min)        Sid  (10  Umin) 

Nebulizer/Operating  Condition/Formulation 

Fig.  5.  Output  efficiency  (percent  of  drug  output  [measured  with  an  Andersen  cascade  impactor]  divided  by  nominal  dose)  in  the  0.4-0.5 
lj.m  particle  size  range  of  budesonide  (micronized  and  liposomal  formulations)  with  various  nebulizers  and  operating  conditions.  Values  are 
mean  ±  SD  of  4  samples.  Aero  II  =  AeroTech  II  nebulizer.  Sid  =  Sidestream  nebulizer.  (From  Reference  22,  with  permission.) 


liposomes,  the  consistency  of  which  is  temperature-depen- 
dent. Evaporation  may  increase  viscosity  and  tonicity  (dis- 
cussed above),  and  the  concentration  increase  may  decrease 
the  solubiHty  of  antibiotics,  thus  necessitating  greater  vol- 
umes of  diluent  and  causing  longer  treatment  times,  which 
may  negatively  impact  patient  adherence.  In  contrast  to  to- 
nicity, pH  remains  unchanged  during  nebulization.'-' 


100 


75 


■g    50 


u 

a 
7i 
O 

ce 

O) 

c 

s 

M 


25 


V  ^'~~''  ■■'*^ 

V 

▲    PEI 

A   BGTC:DOPE 

•    DC-Cholesterol:DOPE 

O    GL-67:DOPE 

■   DMRIE:DOPE 

'X 

^^ 

Vy-— ^ 

^^"^^^^^^--Ol^ 

3  6  9 

Time  of  Nebulization  (min) 


12 


Fig.  6.  Effect  of  jet  nebulization  time  on  the  transfection  ability 
(assessed  as  percentage  of  starting  fi  galactosidase  activity)  of 
different  formulations  of  gene  therapy  vectors.  Two  formulations, 
one  based  on  cationic  polymers  (polyethyleneimine  [PEI],  closed 
triangles)  and  one  based  on  a  cationic  liposome  formulation  (por- 
cine cytomegalovirus  [pCMV],  open  triangles),  maintained  most  of 
their  activity  through  9  minutes  of  nebulization,  but  the  other  3 
formulations  of  cationic  liposomes  (closed  and  open  circles  and 
closed  squares)  had  lost  most  of  their  transfection  ability  after  3 
minutes,  presumably  succumbing  to  shear  stress.  DC  ---  deoxy- 
cholic  acid.  DOPE  =  dioleoyl-phosphatidylethanolamine.  DMRIE  = 
1 ,2-dimyristyloxypropyl-3-dimethylhydroxyethylammonium  bro- 
mide. (From  Reference  24,  with  permission.) 


Summary 

There  are  significant  differences  in  nebulizer  perfor- 
mance between  suspensions  and  solutions.  In  general,  con- 
ventional ultrasonic  nebulizers  should  not  be  used  to  aero- 
solize suspensions.  Though  formulations  are  designed  to 
optimize  drug  solubility  and  stability,  changes  in  formu- 
lation can  also  affect  inhaled  mass,  particle  size,  and  treat- 
ment time.  Nevertheless,  it  is  likely  that  differences  be- 
tween nebulizer  brands  have  a  greater  impact  than 
differences  in  formulation.  Liposomes  can  improve  nebu- 
lizer delivery  of  agents  that  are  poorly  soluble  in  water.  A 
theoretical  advantage  of  liposomes  is  that  they  may  im- 
prove particle  residence  time  in  the  lung,  but  this  remains 
unproven.  Aerosolized  liposomes  are  also  being  studied  as 
vectors  for  gene  therapy.  Propylene  glycol  is  an  acceptable 
solvent  for  cyclosporine  in  lung  transplant  patients.  Ultra- 
sonic and  jet  nebulizers,  especially  those  designed  to  pro- 
duce small  particles,  may  damage  protein  and  other  com- 
plex agents  through  heat  or  shear  stress,  respectively. 
Additives  to  multi-dose  formulations,  especially  antimi- 
crobials and  chelating  agents,  may  cause  adverse  events, 
so  there  is  a  trend  tt)ward  using  single-use  vials. 
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Discussion 

Maclntyre:  When  does  a  parliclc 
become  a  naiiopiirticle?  How  siikiII 
does  it  have  to  be? 

()'Ki(»rdan:  They  ate  solid  particles 
less  than  I  micron  in  diameter.  I  think 
there  ate  only  2  nanosuspensions  avail- 
able: tine  made  by  Pari  and  one  by 
Sheffield  Pharmaceuticals. 

Dolovich:  When  you  stressed  the 
problems  with  ultrasonics,  you  were 
refeiTing  to  the  traditional  designs,  in 
which  the  piezoelectric  crystal  vibrates 
at  a  high  frequency.  What  ;iboiii  ilic 
newer  types  of  ultrasonics,  designed 
around  a  vibrating  mesh? 

O'Riordan:  The  Pari  eFlow  nebu- 
lizer pcrlorms  better  with  suspensions 


than  do  conventional  ultrasonic  nebu- 
lizers, but  published  data  ;ire  limited. 
Regarding  the  wht)le  issue  of  nebuliz- 
ing suspensions  I  didn't  see  much  data; 
a  lot  of  the  data  are  proprietary. 

Dolovich:  1  think  thai  at  one  of  the 
RDD  I  Respiratory  Drug  Delivei^l  sym- 
posia. Sheffield  Pharmaceuticals  pre- 
sented a  poster  about  their  ultrasonic  de- 
vice, but  I  don't  remember  the  details.  I 
am  not  fatniliar  with  their  technology. 

Smaldone:  I  would  support  the  vi- 
brating mesh  idea,  in  general.  We  have 
done  some  testing.  One  company.  Om- 
idn.  h;is  another  form  of  vibrating 
mesh  that  also  has  proven  effective  at 
nebulizing  suspensions  of  budesonide. 
I  should  point  otil.  though,  thai  there 
are  some  data  iiulic;tling  lh;il  p;trticle 
size  is  affected  by  the  vibrating  mesh; 


in  the  Omron  studies  we  did.  even 
though  that  device  was  very  efficient, 
the  particles  were  somewhat  larger 
than  you'd  get  out  of  a  Jet  nebulizer. 
So  what's  really  h;i|i|X-niiig  w  ith  sus- 
pensions is  that  anything  that  can  throw 
off  the  larger  particles  would  be  more 
efficient.  There  were  some  data  at  the 
RDD  VIII  meeting  that  showed  lh;it 
the  eFlow  mesh  is  less  efficient  w  ith  a 
budesonide  suspension  than  it  was 
with  solutions,  because  their  mesh  pre- 
vented the  large  particles  from  going 
through. 

Dolovich:  '"I'ou  mcnlioncd  lh;it 
budesonide  liposomes  continue  to  be 
less  exact  and  that  there  doesn't  seem 
to  be  an  ad\antage  in  terms  of  long- 
term  release  in  the  lung.  There  is  good 
literature  about  the  inhaled  liposomes 
of  the   antio.xidant   izlutathione.   that 
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show  hii;li  lc\cK  ol  the  drLii:  in  llic 
Iuiil;  up  to  24  lumrs. 

Fink:*  ^  ou  sliowcd  Keller's  data 
that  the  Pari  eFlow  nebulizer  demon- 
straled  less  efficiency  with  standard 
hiidcsonidc  than  with  their  nanosus- 
|x-iision  hiidesonide  forinulatidn,'  hut 
their  pel  rcirniance  with  standard 
hudesiinide  was  still  better  than  the 
Pari  LC  with  the  same  dose.  Those 
data  are  consistent  with  our  findings 
w  ith  the  Aerogen  technology,  in  which 
the  vibrating  aperture  plate  has  simi- 
lar characteristics  to  the  e-Flow,  in  that 
there  is  a  tendency  to  have  a  "sieve" 
effect  with  larger  suspension  particles. 
If  the  aperture  diameter  is  5  microns, 
particles  bigger  than  that  obviously 
aren"t  going  to  go  through,  so  even 
though  standard  budesonide  has  a 
mean  particle  diameter  of  2.5  microns, 
there  will  be  some  particles  larger  than 
5  microns  that  will  remain  in  the  res- 
ervoir. Beyond  that,  we  did  not  see  a 
shift  in  particle  size  with  the  suspen- 
sion, and  I  suspect  from  Keller's  pre- 
sentation at  RDD  VIIl  that  they  did 
not  see  a  chaniie  either. 


*Janics  B  Finii  MSc  RRT  FAARC.  Aemgen. 
Mountain  View.  California. 
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Smaldoiie:  The  topic  of  liposomes 
is  gelling  interesting.  Is  Waldrep's 
technique  universal?  It  seems  to  me 
that  some  companies  make  their  lipo- 
somes first,  then  put  them  in  the  neb- 
ulizer and  hope  that  they  don't  get 
destroyed.  Whereas  Waldrep  uses  the 
nebulizer  to  "create"  the  liposomes. 
They  throw  a  bunch  of  lipid  in  the 
nebulizer,  then  they  throw  in  a  bunch 
of  drug,  and  it  makes  what  they  .say 
are  liposomes.  Other  companies  make 
a  liposome,  put  it  in  the  nebulizer,  and 
hope  that  it  doesn't  get  destroyed. 
What's  the  difference? 

O'Riordan:  Liposomes  change  dur- 
ing jet  nebuli/ation.  They  seem  to  gel 
smaller.  There  have  been  some  stud- 
ies showing  that  drugs  do  tend  to  leak 
out  of  the  liposomes  during  nebuliza- 
tion. 


.Snialdone:  So  what  they're  doing 
is  using  liposomes  as  a  solubilizing 
agent,  and  the  other  companies  are  us- 
ing liposomes  as  expensive  delivery 
systems  that  |iiesimiably  will  do  some- 
thing giHxl  ill  the  king. 

O'Kiordun:  It  is  iu)t  known  how 
long  the  drug  remains  bound  to  the 
liposi)me  after  deposition  in  the  lung, 
and  the  effects  on  absorption  are  dif- 
ficult to  predict  and  cannot  be  gener- 
alized. 

Dolovich:  We  nebulized  cationic  li- 
posomes for  gene  therapy.  Those  li- 
posomes take  on  a  spaghetti-and- 
meatballs  appearance  when  the 
plasmid  is  added  to  the  lipid.  The  par- 
ticles change  from  approximately  1 
micron  to  form  an  elongated  structure. 
Nevertheless,  when  you  put  these  li- 
posomes in  the  nebulizer,  a  certain  per- 
centage of  them  are  sheared,  so  that 
you  get  free  plasmid.  lipid,  and  the 
intact  liposome.  The  person  inhaling 
the  aerosol  would  be  inhaling  free 
drug,  lipid,  and  liposomes  together,  so 
you  don't  know  whether  the  clinical 
effect  is  coming  from  the  free  com- 
ponent or  from  the  bound  component. 
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Nebulizer  Therapy  for  Children:  The  Device-Patient  Interface 
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Summary 


A  therapeutic  aerosol  benefits  the  patient  only  if  the  medication  deposits  in  the  airway.  Advances 
in  nebulizer  design  have  made  them  more  efficient  and  "user  friendly,"  but  the  greatest  problem 
with  administering  aerosolized  medication  continues  to  be  educating  patients  and  caregivers  to  use 
aerosol  devices  properly  and  consistently.  Misuse  and  nonuse  are  the  greatest  impediments  to 
effective  aerosol  delivery.  The  respiratory  pattern  and  degree  of  patient  cooperation  also  pro- 
foundly affect  aerosol  deposition,  and  those  effects  are  greatly  magnified  in  small  children.  There 
are  many  misconceptions  about  nebulizer  use  and  nebulizer  equipment,  even  in  teaching  hospitals, 
and  these  can  have  serious  consequences  when  patients  do  not  receive  the  medication  they  need. 
This  review  discusses  how  airway  physiology,  nebulizer  technology,  and  patient  education  relate  to 
appropriate  nebulizer  use.  Education  is  critically  important,  but  unfortunately  it  is  often  a  misun- 
derstood or  neglected  part  of  aerosol  administration.  Key  words:  aerosol  therapy,  children,  pediatric, 
nelmlKiitiim.  astluiia.   [Respir  Care  2002;47(  1 1  ):I314-1319] 


Introduction 

Choice  of  Equipment 

Modern  jet  nehuli/ers  were  inlroduced  in  1958.  with  the 
Wright  nebuh/er,'  in  the  last  lew  years,  nebulizer  tech- 
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nology  has  rapidly  evolved.  impro\  ing  the  efficiency  and 
ease  of  use  of  many  of  these  de\  ices.  For  nebulizer  ther- 
apy to  work  well,  the  nebulizer  must  work  well,  the  neh- 
iilizer-putienl  inlerfiice  must  work  well,  and  patient  must 
understand  proper  technique.  This  review  focuses  on  the 
nebulizer-patient  interface  and  problems  associated  with 
nebulizer  therapy  in  children. 

Nebulizer  performance  varies  with  diluent  volume,  op- 
erating flow,  pressures,  gas  density,  and  nebulizer  mod- 
el.- ''  The  residual  volume  of  medicine  that  remains  in 
commercial  small-\nlume  nebulizers  ranges  from  0.5  to 
1.5  till.,  depending  on  the  specific  device.  By  increasing 
the  fill  \olume  (usually  by  adding  saline)  a  greater  pro- 
portion of  the  medication  can  be  nebulized.''  For  example, 
with  a  1  mL  residual  volume,  a  fill  of  2  niL  would  have 
only  50%  of  the  nebulizer  charge  available  for  nebuliza- 
tion,  whereas  a  fill  of  4  mL  would  make  75%  of  the 
medicalion  axailable  for  nebulization.  Many  patients  use  a 
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2  ml.  uiiil  tldsc  1)1'  MKHliLalitiii  in  the  ncbuli/ci   wilhoul 
aildiiii:  adililuHKil  saline  In  opiinii/c  till  soliinK'. 

Aerosol  Size  and  Airway  Depttsition 

Larger  acnisnl  particles  (>  5  yum)  tend  td  impact  (in  the 
oropharynx,  redncins:  the  amount  of  drug  available  to  the 
lungs  and  increasing  the  potential  tor  adverse  effects.  This 
is  an  important  problem  in  children,  who  often  have  high 
respiratory  rales,  small  airways,  and  increased  air  How 
turbulence.  Efficiency  is  further  reduced  if  the  combina- 
tion of  drug,  nebulizer  cup.  and  compressor  are  not  well 
matched.''  Droplet  si/e  and  nebuli/alion  times  are  both 
inversely  proportional  to  gas  How  through  the  jet.  The 
higher  the  power-gas  flow  to  the  nebuli/er  the  smaller  the 
particle  si/e  and  the  shorter  the  time  required  to  nebuli/e 
the  full  dose.' '  In  a  lung  model  simulation  of  tidal  breath- 
ing at  volumes  of  .^0-400  mL.  by  increasing  the  power- 
gas  flow  from  4  to  S  L/min  the  rate  of  drug  output  was 
increased  by  264%.  but  there  was  only  a  32%  increase  in 
aerosol  concentration.**  As  tidal  volume  increased  from  50 
to  400  ml,.  depi>siiion  increased  just  2.2-.Vfold.  The  aero- 
sol's mass  median  aerodynamic  diameter  (MMAD)  was 
also  strongly  dependent  on  air  flow.  At  4  L/min  flow. 
MMAD  v\as  7.0  jum.  with  26.8'^t  of  the  particles  <  .5  ^im. 
At  6  L/min  the  MMAD  was  4.9  /nm.  with  50.1%  of  the 
particles  <  5  /xm.  At  8  L/min  the  MMAD  was  ?.b  pim. 
with  70.8%  of  the  particles  <  5  ju.m.'* 

Reisner  et  al  studied  air  flow  from  commercially  avail- 
able compressors  and  from  nebulizer-compressor  combi- 
nations. There  were  marked  difterences  in  flow  from  the 
various  compressors  used  for  home  nebulization.''  The  mean 
flow  from  the  compressors  evaluated  without  a  nebulizer 
attached  ranged  from  6.6  L/min  to  12.2  L/min.  Flow  from 
the  nebulizer-compressor  combinations  ranged  from  2.08 
L/min  to  5.42  L/min.  The  interaction  between  flow  and 
device  was  significant  (p  <  0.001 )  lor  the  percentage  ol 
particles  in  the  respirable  range.  Thus  it  is  clear  that  the 
compressor  is  as  important  to  aerosol  output  as  is  the 
nebuli/er  cup.  A  nebuli/ei  that  produces  an  MMAD  of  2.5 
/ng  \\  hen  driven  by  a  gas  source  of  50  psi  at  8  L/min  may 
produce  an  MMAD  of  >  8  ixm  when  operated  on  a  home 
compressor  that  produces  only  10  psi.  This  can  result  in 
negligible  respirable  nebulizer  output. 

Most  of  the  available  medication  in  the  nebuli/er  cup  is 
nebulized  in  the  flrst  fevs  minutes.-^  Malone  et  al  IouikI 
that  with  ?i  different  fill  Nulumes,  albuterol  delivery  from 
the  nebuli/er  declined  by  half  within  20  seconds  of  the 
onset  ot  sputtering.'"  The  concentration  of  albuterol  in  the 
nebulizer  cup  increased  significantly  once  the  aerosol  out- 
put declined,  and  further  weight  loss  in  the  nebulizer  was 
primaiily  due  to  evaporation.  Malone  el  al  concluiled  that 
aerosolization  past  the  lime  spuiieiing  began  was  clini- 
callv  ineffective. 
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Fig.  1 .  Dose  to  patient:  mean  and  individual  values  In  3  age  groups. 
The  2-3-year-old  children  used  the  face  mask  provided  with  the 
Nebuchamber.  The  older  patients  inhaled  through  the  mouthpiece, 
with  a  nose  clip  applied.  Budesonide  was  administered  as  2  sep- 
arate doses  of  200  ^g,  with  an  Interval  of  45  s.  The  patients  were 
instructed  to  inhale  each  dose  from  the  spacer,  using  slow  tidal 
breathing  for  30  s.  The  dose  to  patient  was  calculated  as  the 
delivered  dose  of  the  batch  measured  in  vitro  from  the  metered- 
dose  inhaler  with  adapter,  after  subtraction  of  the  drug  recovered 
from  the  equipment,  facial  tissues,  and  mouth  rinses.  (From  Ref- 
erence 12,  with  permission.) 


Special  IVIedication  Delivery  Issues  for 
Infants  and  Children 

Airway  Diameter  and  Particle  Deposition 

In  infants  and  small  children  the  airway  diameter  is 
small,  the  breathing  rate  is  fast,  nose  breathing  filters  out 
large  particles  and  thus  deposits  more  medication  in  the 
upper  airway,  and  mouthpiece  administration  often  cannot 
he  used  effectively."  With  age.  respiratory  rate  decreases 
and  tidal  volume  and  total  lung  do.se  of  medication  in- 
crease. Anhoj  el  al  assessed  the  systemic  exposure  to  in- 
haled budesonide  from  a  melered-dose  inhaler  with 
Nebuchamber.  in  patients  age  2  years  to  adulthood.'-  The 
dose  to  patient,  area-under-the-curve  of  plasma  concentra- 
tion versus  time,  and  terminal  half-life  were  similar  at  all 
ages  (p  >  ()..^5)  (Fig.  I).  This  suggests  that  the  dose  of 
medication  placed  in  the  nebulizer  does  not  need  to  be 
adjusted  based  on  the  patient's  age  and  that  systemic  expo- 
sure to  medication  is  elfectively  "'regulated"  by  age-related 
tlifferences  in  aii'way  diameter,  surface  area,  and  flow.'- 

Patient  Cooperation  and  Aerosol  Delivery 

Patient  cooperation  varies  with  the  patient's  age  and 
developmental  ability."  '"  The  patient-iiebuli/er  interface 
is  critically  important  for  effective  medication  delivery. 
For  patients  who  will  not  hold  a  mouthpiece  but  can  tol- 
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Fig.  2.  Face  mask  leak  was  studied  in  vivo  with  AeroChamber,  BabyHaler,  Hans  Rudolph,  and  NebuChamber  masks  by  measuring 
ventilation  with  an  in-line  pneumotachograph  while  the  face  mask  was  held  in  place  by  experienced  parents  who  were  asked  to  demon- 
strate how  they  deliver  medication  to  their  children  (n  -  30;  mean  ±  SD  age  -  3.2  ±1.4  y),  without  any  additional  instruction.  The  first  10 
patients  performed  the  tests  once  again  within  1  month,  while  the  parents  were  coached  and  encouraged  to  hold  the  mask  tightly  against 
the  child's  face.  The  NebuChamber  provided  the  poorest  seal,  with  45%  less  ventilation  than  the  AeroChamber  mask  or  Hans  Rudolph 
mask.  All  ventilatory  volumes  during  the  coached  session  were  significantly  greater  than  during  the  uncoached  session,  (Redrawn  from  data 
in  reference  15,) 


erate  a  mask  the  nebulizer  can  be  fitted  to  an  appropriate 
aerosol  mask.  There  is  no  dit't'erence  in  clinical  response 
between  mouthpiece  and  close-fitting  mask  treatment,  so 
patient  preference  should  guide  selection  of  the  device.''* 
Mask  administration  can  also  be  difficult  for  very  young 
children.  Amirav  and  Newhouse  found  that  of  10  infants 
who  were  younger  than  2  years,  only  .^  cooperated  fully 
and  consistently  with  mask  aerosol  therapy.  However,  in 
that  study  no  patient  older  than  2  years  could  not  consis- 
tently perform  quiet  tidal  breathing  with  a  close-fitting 
mask  in  place. '"^  Amirav  and  Newhouse  also  demonstrated 
that  careful  training  of  parents  and  patients  to  ensure  a 
good  mask  .seal  increases  airway  deposition  from  25-75%, 
depending  on  the  nebulizer  used  (Fig.  2)  and  that  increas- 
ing the  mask  leak  profouniily  decreases  aerosol  delivery  in 
vitro.'-'' 

If  the  patient  cannot  tolerate  a  mask  treatment  (ie,  will 
not  wear  the  mask  closely  to  the  face),  an  alternative  com- 
monly employed  is  the  "blow-by"  technique,  in  which  the 
practitioner  directs  the  aerosol  from  the  nebulizer  toward 
the  patient's  nose  and  mouth.  However,  aerosol  deposition 
studies  demonstrated  that  virtually  no  drug  enters  the  air- 
way with  that  technique.  In  a  simulation  of  breathing  from 


a  face  mask,  with  a  tidal  volume  of  50  mL  and  a  flow  of 
8  L/min.  Everard  et  al  found  that  when  tubing  or  face  mask 
was  applied  to  the  filter  "face,"  1.21  mg  of  a  20  mg  so- 
dium cromoglycate  fill  was  deposited.  At  I  cm  from  the 
filter,  0.49  mg  was  deposited  (a  6Q9c  reduction),  and  at  2 
cm  distance  only  0.18  mg  was  deposited  (an  85%  reduc- 
tion).'* 

Some  physicians  and  therapists  counsel  parents  of  in- 
fants to  "make  them  cry."  based  on  the  mistaken  belief  that 
crying  will  cause  the  child  to  inhale  the  medication  more 
deeply.  Crying  involves  a  very  rapid  inspiration,  which 
causes  inertial  impaction  of  the  majority  of  the  drug  in  the 
oropharynx.  The  expiratory  part  of  crying  is  a  long  exha- 
lation, which  loses  some  of  the  aerosol  that  was  inhaled. 
And  crying  usually  prevents  a  good  seal  between  mask 
and  face,  which  results  in  air  entrainment.  w  ith  little  or  no 
drug  being  inhaled.  Even  if  a  good  seal  can  be  made,  the 
dose  inhaled  is  reduced  and  the  majority  of  the  inhaled 
dose  deposits  in  the  upper  airways,  to  be  swallowed.  Thus, 
aerosols  should  never  be  administered  to  a  crying 
child." '^  '• 

Nebulizer  therapy  works  best  when  a  child  is  quietly 
breathins:.  When  aerosol  is  inhaled  durins:  titlal  breathing 
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Fig.  3.  Estimated  absorption  of  sodium  cromoglycate  versus  de- 
gree of  infant  distress.  Fifteen  infants  were  studied;  8  with  resolv- 
ing chronic  lung  disease  of  prematurity  (mean  age  13  mo)  (black 
data  points)  and  7  with  normal  birth  histories  (mean  age  1 1  mo) 
(open  data  points).  Each  was  given  a  dose  of  20  mg  nebulized 
sodium  cromoglycate,  using  a  Sidestream  nebulizer,  and  dis- 
tress was  graded.  Urine  was  collected  for  8  hours  and  analyzed 
for  excreted  drug.  Distressed  infants  absorbed  significantly  less 
drug  than  settled  infants  (p  -  0.001).  (From  Reference  17,  with 
permission). 


(either  awake  or  asleep),  there  are  good  correlations  be- 
tween the  dose  of  aerosol  in  the  lung  and  both  the  age  and 
height  of  the  patient  (p  <  0.001).  But  when  aerosol  is 
administered  during  crying,  little  is  deposited  in  the  lung."' 
With  18  infants,  age  9-13  months,  lies  et  al  administered 
sodium  cromoglycate  at  6  L/min  for  10  min.  using  a  Side- 
stream  nebulizer  and  a  Hudson  oxygen  face  mask  held 
against  the  face  throughout  the  procedure.  Crying  decreased 
lung  deposition  by  159(  (Fig.  3).'^  It  is  more  efficient  to 
deliver  aerosol  medication  via  close-fitting  mask  while  the 
patient  is  asleep  (Fig.  4)  than  while  the  patient  is  awake, 
even  if  the  patient  is  cooperative.'^  Janssens  attributed  this 
lo  the  more  regular  respiratory  pattern  during  sleep. 

There  can  also  be  substantial  loss  of  medication  during 
nebulization  while  the  child  is  calming  down  or  settling. 
Because  the  majority  of  the  medication  is  nebulized  in  the 
first  half  of  nebulization.  a  parent  may  incorrectly  assume 
that  medication  nebulization  is  constant  and  therefore  that 
there  is  plenty  of  time  to  get  the  medication  lo  the  child  at 
the  end  of  nebulization.  after  the  child  calms. 

Care  of  Nebulizer  Kqiiipnunt 

Failure  to  care  for  the  nebulizer  can  lead  to  cracking  of 
the  plastic,  caking  of  material  within  the  nebulizer,  inef- 
ficient operation  of  valve  t)r  baffle  systems,  and  pooling  of 
fluid  in  the  nebulizer  cup.  with  the  potential  for  reduced 
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Fig.  4.  Lung  dose  of  budesonide  delivered  via  metered-dose  in- 
haler with  face  mask,  while  awake  and  asleep.  Data  are  from  18 
infants  and  young  children.  Significantly  more  budesonide  was 
delivered  to  the  lungs  during  sleep.  (Adapted  from  Reference  18.) 


efficiency  and  for  bacterial  colonization  and  nebuli/atioii 
of  the  bacteria  into  the  airway.'''  -- 

In  1992  Alvine  et  al  found  that  half  of  the  nebulizer 
models  they  tested  showed  visible  signs  of  malfunction, 
including  spraying  of  large  droplets,  leaking  of  solution, 
and  air  leaks  that  prevented  nebulization.  Variability  of 
nebulization  rate  ranged  from  57%  to  129'^.  The  model 
with  the  largest  variability  was  also  associated  with  an 
unacceptably  large  variability  in  particle  size.  Those  re- 
sults suggest  poor  quality  control  by  some  nebulizer  man- 
ufacturers.-* Care  must  also  be  taken  to  maintain  nebulizers 
in  good  operating  condition,  which  can  be  difficult  with 
active  children  in  the  home. 

When  nebulizers  are  properly  cleaned  between  uses, 
there  is  no  clinically  important  change  in  nebulizer  per- 
formance for  up  to  100  runs,  but  unwashed  units  used  to 
nebulize  tobramycin  start  to  fail  by  40  runs.-'  Another 
study  demonstrated  that  inadequate  cleaning  can  decrease 
nebulizer  output  by  50%.--'  The  Centers  for  Disease  Con- 
trol and  Prevention  recommends  that  nebulizers  should  be 
disassembled,  cleaned  with  sterile  water,  rinsed,  and  air 
dried  after  every  use.''' 

Reasons  for  Nonadherance  to  Therapy 

Nebulizer  therapy  can  be  inconvenient  for  the  patient,  as 
it  takes  more  time  and  requires  more  complex  equipment 
than  a  metered-dose  inhaler  or  dry  powder  inhaler.  There 
are  more  opportunities  for  patient  error  and  more  excuses 
for  not  using  a  nebulizer,  particularly  when  traveling.  LKu- 
ally  nebulizer  therapy  costs  more  than  metered-do.se  in- 
haler or  dry  powder  inhaler  therapy,  and  when  cost  of 
inedication  is  a  problem,  this  can  lead  to  nonadherence. 
Other  reasons  for  nonadherence  include  the  patient  not 
liking  the  nebulizer,  not  believing  in  the  use  of  medica- 
tions, and  nebulization  taking  too  much  time. 

Patients  have  reported  not  using  their  nebulizers  be- 
cause of  concerns  about  potential  adverse  effects  that  they 
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believe  to  be  assoei.iled  uilli  iiiedKalions,  such  as  LiiiiLern 
abmil  inhaled  corticosteroiils  and  growth,  and  Limceins 
about  "genetic  nioilitication  of  their  cliild"  with  inhalation 
of  dornase  alfa  (PLilnio/yme).  Some  parents  ha\e  also  ex- 
pressed concern  that  the  daily  use  of  aerosol  medication 
can  lead  the  child  to  become  "'aiklicted"'  to  the  drug. 

In  a  study  designed  to  e\aluate  patient  characteristics 
associated  with  nonadherence  to  nebulizer  therapy,  the  St 
George's  Respiratory  Oi'c'stionnaire  (SGRQ-2)  was  ad- 
ministered to  a  cohort  of  patients  w  ith  chronic  obstructise 
pulmonary  disease  and  w  ho  had  been  prescribed  daily  jet 
nebuli/er  therapy.  The  total  scores  from  the  SGRQ-2  (high- 
er score  meaning  greater  psychosocial  dysfunction)  were 
negati\ely  correlated  with  adherence,  and  that  association 
was  particularly  strong  for  patients  whose  scores  suggested 
clinical  depression.-^ 

An  additional  problem,  more  common  m  the  young  in- 
fant, is  the  patient  being  placed  on  either  the  wrong  med- 
ication or  on  a  medication  that  will  ha\'e  limited  or  no 
effect  on  outcome.  For  example,  many  studies  have  dem- 
onstrated that  aerosoli/ed  (i  agonists  do  not  impro\e  clin- 
ical outctime  in  patients  with  bronchiolitis.  Paradoxically. 
changes  in  the  osmolarity  of  some  albuterol  nebulizer  so- 
lutions can  actually  exacerbate  whee/ing  and  lead  to  re- 
duced pulmonary  function  in  some  infants.-''  Furthermore, 
the  use  of  j3  agonists  in  infants  with  airway  malacia  (a 
not-uncommon  problem  in  prematurely  born  infants  who 
have  required  intubation  for  mechanical  \entilation)  can 
lead  to  greater  airway  collapse  and  deterioration  in  pul- 
monary function.  Therefore,  failure  to  respond  to  medica- 
tion could  be  due  to  inappropriate  use  of  medication,  mis- 
understanding of  how  to  use  a  nebulizer,  failure  to  use  the 
nebulizer,  or  the  wrong  medication. 

Patients  may  also  place  unexpected  things  inside  the 
nebulizer.  We  recently  encountered  an  infant  who  pre- 
sented to  the  emergency  department  in  severe  respiratory 
distress  and.  upon  questioning,  the  parents  revealed  that 
they  had  rubbed  Vicks  VapoRub  inside  the  nebulizer  be- 
fore putting  albuterol  in  the  nebulizer  cup.  They  had  as- 
sumed that  it  the  Vicks  was  helpful  when  added  to  a 
humidifier  in  the  room,  that  it  would  provide  even  greater 
benefit  if  addeil  directly  to  the  nebuli/er. 

Patients  will  not  use  a  device  that  they  do  not  like  and 
are  not  comfortable  with,  and  they  may  not  even  use  a 
device  that  they  like.  Patient  choice  is  important,  but  ed- 
ucation is  critical — not  only  of  the  patient  but  also  of  the 
caretakers  who  tram  the  patients  regarding  the  proper  use 
of  nebulizers.  In  a  study  comparing  the  long-term  efficacy 
of  personal,  \idco.  and  group  instruction  (with  a  no-in- 
struciion  control  group)  for  nebulizer  use  by  1.^2  patients 
with  chronic  obstructive  piilmonar\  ilisease.  personal  or 
group  instruction  produced  sigiiificantl\  better  nebulizer 
use  and  long-tei'iii  retention  ol  training  information.  Van 
der  Palen  el  al  concluiled  that  the  time  spent  on  patient 


eilucalioii  was  time  well  spent.'  In  most  cases,  the  best 
person  to  do  this  effectively  aiul  accurately  is  the  bedside 
respiratory  therapist. 

To  improve  adherence,  aerosol  therap)  should  be  admin- 
istered along  with  some  ea.sily  remembered  activity  of  daily 
living.  For  twice-dailv  administration,  medications  can  be 
kept  with  the  toothbrush  and  inhaled  just  before  brushing 
teeth.  This  will  also  reduce  aerosol  deposition  in  the  orophar- 
ynx. It  is  best  to  avoid  the  regular  use  of  medication  at  school, 
as  the  inconvenience  can  significantly  reduce  adherence  and 
may  be  an  embarrassment  to  some  children.  However,  the 
availability  of  rescue  medication  at  school  (or  daycare  or 
other  caretaker's  home)  must  be  assured.  It  helps  to  prepare 
written  guidelines  for  medication  use.  but  the  guidelines  must 
be  distributed  to  all  places  where  the  child  spends  time,  in- 
cluding home,  school,  and  at  the  residence  of  both  parents  if 
the  parents  reside  separately.^* 

Summary 

Advances  in  nebulizer  design  ha\  e  made  them  more  eftl- 
cient  and  "user  friendly,"  but  the  greatest  problem  with  ad- 
ministering aerosolized  medication  continues  to  be  educating 
patients  and  caregivers  to  use  aerosol  devices  properly  and 
consistently.  Misuse  and  nonuse  are  the  greatest  impediments 
to  effective  aerosol  deliverv'.  Tlie  respiratory  pattern  and  de- 
gree of  patient  cooperation  also  profoundK  affect  aerosol 
deposition,  and  those  effects  are  greatly  magnified  in  small 
children.  There  are  many  misconceptions  about  nebulizer  use 
and  nebulizer  equipment,  even  in  teaching  hospitals,  and  these 
can  have  serious  consequences  when  patients  do  not  receive 
the  medication  they  need.  Education  is  critically  important, 
but  unfortunately  it  is  often  a  misunderstood  or  neglected  piirt 
of  aerosol  administration. 
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Discussion 

Rau:  This  issue  of  "blow-by"  just 
won't  seem  to  go  away,  and  we  get 
questions  asking  about  data  on  that. 
Are  you  aware  of  any  quantification? 
I  have  not  found  any. 

Dunne:  Mark  Everard  published  ex- 
tensively on  the  inefficiency  of  blow- 
by.  and  his  1992  report  states  that  when 
you  remove  the  nebulizer  output  2  cm 
from  the  external  nose  and  pharynx, 
you  decrease  the  efficiency  by  859^. 
So  that's  taking  an  already  inefficient 
system  and  making  it  more  inefficient, 
and  that's  why  you  probably  don't  see 
much  response  with  that  technique  in 
the  pediatric  population. 
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Barry:  About  face  masks;  I  think 
the  problem  is  even  more  important 
than  you  mentioned:  not  just  face  mask 
position.  We've  got  soine  data  cur- 
rently in  press  regarding  3  different 
face  masks,  and  they  show  that  if 
you  choose  the  wrong  one.  you  can 
reduce  output  by  90%.  This  isn't  just 
a  function  of  the  seal  or  the  leak 
around  the  face  mask;  it's  due  to 
face  mask  design.  I  think  this  is  some- 
thing that  has  hardly  ever  been  in- 
vestigated and  needs  some  more 
attention. 

Rubin:  Absolutely.  Dead-space  vol- 
ume has  been  shown  to  be  incredibh 
important,  especially  in  infants.  A 
child's  tidal  volume  is  roughly  7  niL/ 
kg,  and  if  you're  dealing  with  kids 
under  a  year  old  (a  70  mL  tidal  vol- 
ume), it  takes  a  few  breaths  to  clear 
dead  space  before  you  even  start  gel- 


ting  drug.  And  the  longer  the  delay, 
the  more  aerosol  is  going  to  rain  out. 

Dunne:  Your  point  about  the  ob- 
stacles to  continuous  use  of  aerosol 
therapy  is  underscored  by  White  and 
.Sander's  survey  of  parents  of  asth- 
matics.' Fully  two  thirds  of  them  in- 
dicated that  they  either  "down-dose" 
or  withhold  medications,  for  a  vari- 
ety of  reasons:  so  that's  a  real  im- 
portant issue,  and  I  agree  with  the 
importance  you  placed  on  patient  and 
caregiver  education.  With  regard  to 
the  fighting  and  crying  toddler, 
there's  a  new  device,  the  Westmed 
Pedi-Neb.  that  I've  seen  but  haven't 
had  any  experience  with  it.  It  is  a 
combination  of  a  pacifier  and  a  flange 
that  delivers  aerosol  to  the  child's 
nose  while  the  child  is  distracted 
with  the  pacifier.  Do  you  think 
there's  any  lung  deposition  increase 
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vv  ;ms    |iossihililv   ol   good  deposi- 
tion Willi  thai  device? 

REFERENCI-; 

1.  White  MV,  Sander  N.  Asihm:i  Irom  the 
perspective  of  the  palicni.  J  Allergy  Clin 
Immunol  IWy;  11)4(2  Pi  2):S47-S52. 

Geller:      Betsy  McGoogan,  a  niiise 
practitioner  in  West  Palm  Beach.  Flor- 


ida, saw  day  in  aiul  day  out  thai  in- 
fants fought  v\ith  nebuli/alion  treat- 
ments, so  she  de\eloped  the  Pedi-Neb 
device  and  lotind  that  it  was  \ery  calm- 
ing to  the  babies,  and  they  would  take 
their  aerosol.  But  it  directs  the  aerosol 
into  the  nose.  in)t  into  the  mouth,  so 
miration  of  drug  in  the  nose  may 
occur.  No  one  knows  how  much  aero- 
sol is  filtered  out  by  the  nose  in  in- 


fants, though.  It's  not  as  good  as  a 
tight-fitting  mask.  We've  done  some 
work  with  it.  It"s  probably  interme- 
diate between  blow-by  and  a  nice- 
fitting  face  mask.  What  we  recom- 
mend to  parents  is  that  they 
administer  the  aerosols  while  the 
child  is  sleeping,  and  use  a  mask 
elbow  connector  so  that  it  can  be 
directed  down  while  they're  supine. 
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Introduction 

What  Are  the  Issues? 

1.  Kra  of  Limited  Resources 

2.  Expense  of  New  Technology 

3.  Getting  New  Technology  Accepted 

4.  Providing  Cost/Benefit  Analysis 

5.  Impact  of  Activated  Consumers 
Pharmacoeconomics:  Just  for  New  Drugs? 
Types  of  Economic  Analysis 

Cost  Minimization  Analysis 

Cost-Effectiveness  Analysis 

Cost/Benefit  Analysis 

Cost/Utility  Analysis 
Types  of  Pharmacoeconomic  Studies 

Prospective  Economic  Trial 

Piggyback  Trial 

Review  of  an  Existing  Database 

Modeling 
Obstacles  to  New  Nebulizer  Technology 
Justifying  Value:  Some  Caveats 
Summary 


The  adoption  of  new  medical  technology  has  been  a  major  factor  in  the  development  of  today's 
highly  sophisticated  health  care  delivery  system.  Recently,  important  breakthroughs  in  biotechnol- 
ogy have  introduced  the  possibility  that  certain  terminal  diseases  may  soon  become  a  thing  of  the 
past.  However,  these  advances  have  come  at  a  steep  price.  Total  health  care  spending  in  the  United 
States  is  at  an  all-time  high  and  the  rate  of  increase  in  annual  expenditures  is  once  again  in  the 
double-digit  neighborhood.  It  is  clear  that  it  will  no  longer  be  "business  as  usual"  in  health  care, 
especially  with  regard  to  the  introduction  of  new  technology.  New  economic  realities  now  require 
that  those  advocating  the  adoption  of  a  new  drug,  device,  or  treatment  balance  their  clinical 
enthusiasm  with  cost-effectiveness  considerations.  This  is  especially  important  when  the  cost  of  a 
new  drug  or  device  is  higher  than  that  of  existing  drugs  or  devices.  Unlike  former  times,  when  the 
decision  to  adopt  new  medical  technology  resided  primarily  with  clinicians,  the  approval  process  is 
now  exceedingly  more  complex  and  involves  many  more  individuals,  some  of  whom,  clinicians  and 
non-clinicians  alike,  tend  to  focus  more  on  protecting  their  budgets  than  on  approving  expenditures 
for  new  technology.  Pharmacoeconomics  has  emerged  to  formalize  the  decision-making  process  for 
the  adoption  of  new  drugs.  Since  many  of  the  issues  are  similar,  the  basic  principles  of  pharmaco- 
economics hold  promise  for  physicians  and  therapists  championing  the  adoption  of  new  nebulizers. 
Pharmacoeconomic  data,  when  gathered,  reviewed,  and  presented  in  a  standardized  and  unbiased 
manner,  can  be  a  valuable  tool  to  help  justify  the  overall  cost/benefit  advantages  of  new  nebulizer 
technology.  Key  words:  nehulization.  nebulizer,  aerosol,  cost-effectiveness,  cost/benefit,  cosi/iitiliiy. 
phcinnucoeconomics.  economics.     [Respir  Care  2002:47(1 1 ):  1321-133 1 1 


Respiratory  Care  •  November  2002  Vol  47  No  11  1321 


Economic  Aspects  of  Introducing  New  Nebulizer  Technology 


Introduction 

The  decision  to  adopt  and  implement  new  technology 
into  a  health  care  setting  has  ne\  er  been  more  lormidable. 
In  today's  environment,  health  care  financial  resources  are 
limited,  yet  demographic,  epidemiological,  and  societal 
changes  are  steadily  increasing  the  demand  tor  health  care 
services.  The  percentage  of  the  total  population  entering 
"senior  citizen"  status  is  increasing  and  the  elderly  are 
now  living  longer  than  ever  before  (Fig.  1).-'  Both  of 
these  trends  will  substantially  impact  the  United  States 
health  care  delivery  system  over  the  next  several  decades. 

Further  fueling  the  increasing  demand  for  health  care 
services  is  a  relatively  recent  trend  to  focus  on  certain 
chronic  medical  conditions  and  the  huge  financial  impact 
of  deli\ering  suboptimal  care  to  that  patient  population."" 
New  care  paradigms  are  emerging  that  attempt  to  make 
individuals  afflicted  with  chronic  medical  conditions  less 
dependent  on  acute  care,  through  the  active  promotion  of 
preventive  self  care,  itself  a  relatively  recent  addition  to 
the  health  care  landscape.'^  ** 

Accordingly,  the  demand  for  health  care  services  na- 
tionwide is  not  expected  to  abate  any  time  soon.  Nor  is  it 
likely  that  a  massive  infusion  of  new  funding  will  be  forth- 
coming. Health  care  providers  repeatedly  hear  that  the 
industry  is  now  expected  to  "do  more  with  less." 

With  so  many  factions  competing  for  limited  health  care 
financial  resources,  clinicians  wishing  to  introduce  a  new 
technology  or  drug  face  an  uphill  battle.  This  is  especially 
true  when  the  technology  or  drug  being  targeted  for  re- 
placement has  a  long  history  of  perceived  successful  use 
and  an  acquisition  cost  that,  over  time,  has  come  to  be 
perceived  as  relatively  inexpensive.  When  attempting  to 
replace  the  status  quo.  proponents  will  need  to  overcome 
initial  misgivings  by  demonstrating  superior  clinical  and 
financial  outcoines  with  the  new  drug  or  device.'^'" 

The  new  nebulizer  technologies  discussed  during  the 
conference  on  Liquid  Nebulization:  Emerging  Technolo- 
gies (proceedings  published  in  this  and  the  following  issue 
of  Respirator'i'  Care  Journal)  are  a  radical  departure  from 
the  status  quo.  They  are  more  efficient,  more  clinically 
effective,  and  will  substantially  broaden  the  boundaries  of 
aerosol  therapy,  to  include  applications  to  nonpulmonary 


Patrick  J  Dunne  MEd  RRT  F.'\.\RC  is  atliliated  uith  Hcallhcare  Pro- 
ducticins.  Fulieniin.  Calitbrnia. 

Patrick  J  Dunne  MEd  RRT  FAARC  presented  a  version  of  this  report  at 
the  ,30th  RF..SPIRATORV  Care  Journal  Conference.  Liquid  Nebulization: 
Emerging  Technologies,  held  June  28-30.  2002.  in  Montreal.  Quehec. 
Canada. 

Correspondence:  Patrick  J  Dunne  MEd  RRT  F.A.'XRC.  Healthcare  Pro- 
ductions. Sunny  Hills  Station.  PO  Box  5767.  Fullcrton  C.\  92838-9998. 
E-mail:  pjdunnete  sbcglobal.ncl. 


100 


75 


5  50 


o 


25 


■s 

^       ^'^% 

^ 

\ 

V 

n"' 

•,^ 

Average 

life 

expectancy 

\ 

te 

-Jqil— 

-1_91J— 

\ 

« 

s  N. 

1 

V 

::i; 

'iSi 

70 


75 


80 


95 


100   105 


Fig. 


85    90 
Age  (y) 

1.  Probability  of  a  65-year-old  living  to  various  ages.  Many 


people  will  live  30  years  after  retiring,  and  some  even  longer,  as 
advances  in  medical  technology  increase  life  spans.  The  percent- 
ages are  based  on  the  United  States  Annuity  2000  table.  All  figures 
are  rounded  to  the  nearest  whole  number.  Man  (broken  line). 
Woman  (solid  line).  Couple  (dotted  line);  man  and  woman;  each 
65;  probability  of  one  surviving.  Data  from  Tillinghast-Towers  Perrin 
consulting  firm.  (Redrawn  using  data  from  Reference  1 .) 


systemic  conditions  (eg,  aerosolized  insulin  for  Type  I 
insulin-dependent  diabetics).  This  review  examines  the  ob- 
stacles and  often  conflicting  issues  that  must  be  considered 
when  introducing  new,  more  effective,  yet  more  costly 
nebulizers.  Since  there  is  a  lack  of  relevant  data  addressing 
the  specific  challenge  of  introducing  new  nebulizers,  I 
explore  the  potential  advantages  of  using  pharmacoeco- 
nomics  (long  used  to  justify  the  adoption  of  new  drugs)  to 
support  the  introduction  of  new  nebulizers. 

What  Are  the  Issues? 

Though  there  are  numerous  issues  that  must  be  addressed 
when  introducing  new  nebulizer  technology,  the  funda- 
mental challenges  are  quite  clear:  How  to  get  clinicians  to 
adopt  and  use  a  new  nebulizer:  how  to  get  patients  to  use 
the  new  nebulizer  as  instructed:  how  to  get  institutional 
gatekeepers  to  purchase  and  inventory  the  new  nebulizer; 
and  perhaps  most  importantly,  how  to  get  third-party  pay- 
ors and  other  reimbursement  sources  to  cover  the  costs  of 
the  new  nebulizers.  Though  the  tone  of  these  questions 
might  seem  overly  commercial  to  some,  the  basic  message 
is  quite  clear:  it  is  one  thing  to  have  a  new  nebulizer  that 
out-performs  the  current  product,  but,  in  today's  cost-con- 
scious climate,  it  is  something  quite  different  to  convince 
major  stakeholders  to  accept,  adopt,  purchase,  use,  and 
reimburse  for  a  novel  nebulizer,  especially  when  the  ac- 
quisition cost  of  the  no\el  product  is  considerably  higher 
than  the  device  it  is  in  intended  to  replace. 

To  provide  a  framework  of  strategies  and  tactics  to  in- 
crease the  chances  of  getting  a  novel  nebulizer  adopted. 
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Table  1.      Five  Key  Issues  In  Gellins;  New  Nebulizer  rechnulogy 
Inlroduced 

1.  Era  of  limited  health  care  resources 

2.  Expense  of  developing  new  technology 

3.  Getting  new  de\ices  approved  for  use 

4.  Providing  cost/benefit  analysis 

5.  Role  of  activated  consumers 


this  review  identifies  5  key  issues  that  directly  impact  the 
adoption  process  (Table  1).  This  list  of  5  issues  is  by  no 
means  intended  to  be  exhaustive.  The  complexity  of  get- 
ting detlnitive  decisions  made  in  today's  chaotic  health 
care  environment  requires  a  focus  that  allows  limited  re- 
sources to  be  directed  at  the  most  important  contingencies. 
These  5  issues  address  the  overriding  concerns  that  tend  to 
be  voiced  across  several  sectors  of  the  health  care  industry 
in  general  and  respiratory  care  in  particular.  When  health 
care  resources  are  limited,  decisions  about  which  care  or 
treatment  to  fund  can  be  complex,  difficult  to  make,  and 
will,  more  often  than  not,  involve  careful  balancing  of 
multiple  factors." 

Issue  1.  Era  of  Limited  Resources 

In  the  United  States,  as  in  most  other  industrialized 
counties,  the  size  of  health  care  expenditures,  as  a  percent- 
age of  the  gross  domestic  product,  remains  a  major  con- 
cern. Following  the  1990s  decade  of  modest,  single-digit 
increases  in  the  rate  of  health  care  inflation,  the  new  mil- 
lennium has  witnessed  annual  increases  in  the  double-digit 
range — rates  of  increase  last  seen  during  the  1980s.'-  The 
impact  has  been  felt  in  corporate  boardrooms  across  the 
United  States  and  in  the  halls  of  both  federal  and  state 
government  buildings.  Consumers  of  health  care  services 
are  likewise  feeling  the  impact,  as  traditional  coverage  and 
eligibility  options  shrink  while  annual  premiums,  deduct- 
ibles, and  copayments  escalate.'^  Health  care  strategists 
and  policy  makers  are  faced  with  the  reality  that  substan- 
tial additional  funding  increases  are  unlikely. 

Yet,  for  a  variety  of  reasons,  the  overall  demand  for 
health  care  services  steadily  increases,  adding  further  strain 
to  an  already  stressed  industry.  Improved  longevity,  an 
aging  population,  and  improved  mortality  across  all  age 
groups  have  each  exerted  an  influence.  Not  surprisingly, 
politicians  are  once  again  talking  about  the  need  to  fix  the 
still-ailing  health  care  system.  However,  history  demon- 
strates that  bipartisan  political  rhetoric  seldom  (if  ever) 
translates  to  meaningful  improvement,  especially  in  the 
complex,  heavily  tradition-bound,  and  often  anachronistic 
United  States  health  care  industry.  Health  care  providers 
have  learned  all  too  well  that  it  is  better  to  rely  on  their 
own  initiatives  rather  than  to  wait  for  political  solutions. 


One  step  in  this  direction  is  a  renewed  interest  in  revisiting 
how  certain  medical  conditions  are  handled. 

Under  the  traditional  approach  to  providing  health  care 
in  the  United  States,  indiv  iduals  with  chronic  medical  con- 
ditions are  more  likely  to  seek  and  receive  treatment  only 
at  times  of  acute  exacerbation."'  ^  This  "episodic  approach" 
to  treating  chronic  medical  conditions  is  now  perceived  as 
wasteful,  especially  in  light  of  the  frequency  of  repeat 
visits  to  acute  care  settings  so  cominon  in  that  patient 
population.  Many  now  believe  that  a  more  proactive,  con- 
sumer-based, preventive  approach  would  alter  this  "re- 
volving door"  syndrome.'*  With  chronic  medical  condi- 
tions so  pervasive  in  the  United  Stales,  greater  attention  is 
being  directed  toward  disease  state  management  programs, 
further  fueling  the  increased  demand. 

As  a  result  of  these  and  other  economic  pressures,  a 
"cost-reduction"  mindset  is  now  pervasive  throughout  the 
United  States  health  care  system.  It  is  an  instinctive  reac- 
tion to  loudly  voiced  concerns  of  the  need  to  curtail  dou- 
ble-digit increases  in  the  annual  growth  rate  of  health  care 
expenditures.  Such  a  mindset  tends  to  promote  the  notion 
that  the  least  costly  care  is  the  ideal.  Unfortunately,  expe- 
rience has  shown  that  seeking  the  least  costly  care  is,  in 
reality,  often  more  of  a  short-term  solution.  Short-term 
fixes  do  indeed  provide  the  opportunity  to  quickly  dem- 
onstrate immediate  cost-savings,  but  such  a  mentality  of- 
ten obscures  the  vision  of  a  much  larger  and  longer-lasting 
positive  impact  that  can  accompany  the  introduction  of 
newer  care  and  treatment  modalities. 

The  added  expense  of  new  care  and  treatment  modali- 
ties is  viewed  in  the  present  context  as  "nice  but  too  cost- 
ly." Those  attempting  to  champion  the  introduction  of  new 
nebulizers  must  be  prepared  to  address  the  pervasive  mind- 
set that  new  modalities  might  not  be  justifiable  in  the 
present  era  of  cost  containment.  In  these  and  other  similar 
circumstances,  the  challenge  is  to  effectively  convey  the 
notion  that  increased  costs  today  easily  translate  to  con- 
siderable savings  tomorrow.  Given  the  widespread  eco- 
nomic pressures  to  contain  spending,  this  will  be  no  easy 
task.  Nonetheless,  the  overall  improvements  to  the  health 
care  delivery  system  that  might  be  seen  with  such  a  broad 
perspective  and  vision  are  intriguing  indeed. 

Issue  2.  Expense  of  New  Technology 

The  development  of  new  medical  technology  represents 
a  major  investment  for  pharmaceutical  and  device  manu- 
facturers. To  begin,  considerable  expense  is  required  to 
secure  and  protect  the  intellectual  property  that  underlies  a 
proposed  new  drug  or  device.  Additional  expenses  are 
then  required  for  research  and  development  to  determine 
the  feasibility  and  potential  application  of  the  new  drug  or 
device.  Assuming  initial  research  and  development  results 
are  favorable,  efforts  are  eventually  directed  at  creating 
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working  formulations  or  prototypes  to  determine  if  the 
intended  product  can  realistically  be  manufactured  in  a 
reliable  and  cost-effective  manner.  Clinical  trials  are  un- 
dertaken to  determine  the  clinical  efficacy  and  safety  of 
the  proposed  new  device  or  drug  over  the  range  of  in- 
tended applications. 

Data  collected  from  the  initial  clinical  studies  are  often 
submitted  as  part  of  the  process  of  obtaining  regulatory 
approval  to  manufacture  and  distribute  the  new  drug  or 
device  to  the  medical  community.  The  United  States  Food 
and  Drug  Administration  (FDA)  scrutinizes  submitted  data 
from  one  or  more  controlled  clinical  trials  to  determine  if 
evidence  is  sufficient  to  establish  safety  and  efficacy.  It  is 
not  uncommon  for  the  FDA  to  request  supplemental  data, 
possibly  even  data  from  additional  clinical  trials,  before  a 
favorable  determination  is  made.  Obtaining  FDA  approval 
is  a  considerable  expense,  often  rivaling  or  even  e.xceeding 
the  combined  costs  of  protecting  intellectual  property  and 
research  and  development.  Moreover,  it  may  take  months, 
possibly  even  years,  to  obtain  FDA  approval. 

During  this  entire  process  the  manufacturer  recei\es  no 
income  from  the  product  under  development.  Instead,  de- 
velopment costs  are  often  funded  by  revenue  from  the  sale 
of  existing  products.  In  some  cases  the  developing  com- 
pany must  fund  some  or  all  of  the  new  product  develop- 
ment with  investment  capital,  and  the  addition  of  outside 
investors  comes  at  a  steep  price,  especially  for  smaller 
companies.  This  approach  usually  involves  the  dilution  of 
equity  held  by  people  who  made  a  considerable  invest- 
ment of  capital  or  "sweat  equity"  at  the  start  of  the  process. 
One  way  or  another,  the  developing  company  has  made  a 
formidable  investment  and  has  heavily  mortgaged  the  fu- 
ture on  an  idea  that  has  yet  to  generate  any  income.  It  is 
not  uncommon  for  a  pharmaceutical  manufacturer  to  spend 
upwards  of  $800  million  to  successfully  bring  one  new 
drug  to  market.'^ 

It  is  therefore  not  surprising  that  manufacturers  of  new 
medical  technology  are  eager  to  bring  a  novel  drug  or 
device  to  market  as  quickly  as  possible  following  regula- 
tory approval,  and  rightly  so.  There  is  a  legitimate  sense  of 
urgency  to  show  a  positive  return  on  a  large  investment. 
As  such,  the  manufacturer  will  expend  considerable  re- 
sources to  market  the  new  drug  or  device,  to  get  the  med- 
ical community  to  take  notice.  Clinicians  practicing  in  a 
.sector  where  the  new  device  or  drug  has  immediate  rele- 
vance are  contacted  and  informed  about  the  advantages  of 
the  new  drug  or  device.  However,  in  today's  cost-con- 
scious environment,  clinicians  alone  may  no  longer  be  in 
a  position  to  effectively  get  a  new  drug  or  device  adopted, 
so  manufacturers  are  compelled  to  develop  additional  strat- 
egies. 

One  such  alternative  route  toward  getting  institutional 
approval  of  a  new  drug  or  de\'ice  is  to  undertake  collab- 
orations with  interested  clinicians  within  an  institution,  to 


generate  accurate  and  reliable  data  thai  can  be  used  to 
Justify  the  additional  expense  to  one  or  more  skeptical 
institutional  budget  watchers.  Such  collaborative  trials  and 
studies  are  becoming  increasingly  popular.  Admittedly, 
even  with  the  best  intentions  this  manufacturer  support 
does  introduce  the  potential  for  bias,  but  this  limitation  can 
be  successfully  addressed  from  the  outset.  Industry-spon- 
sored trials  and  studies  will  continue  to  be  quite  prexalent 
throughout  health  care.  Instead  of  summarily  dismissing 
the  utility  of  industry-sponsored  studies,  skeptics  would  be 
better  served  to  work  more  closely  with  industry  to  help 
address  perceived  weaknesses  or  limitations.  The  better 
the  data,  the  better  the  quality  of  care  and  treatment  deci- 
sions. 

Issue  3.  Getting  New  Technology  Accepted 

Attempting  to  introduce  new  technology  in  today's  some- 
what chaotic  health  care  delivery  climate  is  a  highly  com- 
plex process  with  numerous  contingencies.  Unlike  the  hey- 
day of  the  1980s,  clinicians  alone  are  no  longer  the  sole 
decision-makers.  The  rise  of  prospective  payment  and  the 
widespread  proliferation  during  the  1990s  of  risk-sharing 
managed-care  programs  created  many  additional  affected 
stakeholders  and  decision-makers,  many  of  whom  are  non- 
clinicians.  Health  care  executives,  administrators,  direc- 
tors, and  other  nonclinicians,  including  clinicians  who  have 
assumed  nonclinical  roles  and  responsibilities,  are  now 
conditioned  to  instinctively  focus  on  the  financial  impact 
of  most  proposed  new  technology.  Initial  reflexive  skep- 
ticism must  be  anticipated  and  proactively  addressed. 

Though  it  might  be  obvious  to  clinicians  that  a  certain 
new  drug  or  device  does  indeed  represent  a  definable  clin- 
ical improvement  over  existing  practices,  that  will  not,  in 
and  of  itself,  guarantee  adoption.  The  new  focus  on  the 
economic  impact  over  the  clinical  impact  has  given  rise  to 
an  attitude  that  is  best  described  as  "provincial  budget 
protectionism."  Continual  reminders  and  pressures  to  con- 
trol costs  only  tend  to  reinforce  this  attitude.  Provincial 
budget  protectionism  gives  rise  to  boilerplate  responses  to 
proposed  new  technology,  such  as:  "I'm  not  con\inced  it's 
any  better."  or  "We  can't  afford  it."  or  "The  added  costs 
are  not  justified."  Sometimes  the  pat  responses  are  a  little 
more  palatable,  but  dismissive  nonetheless:  "It  looks  pretty 
good,  but  we'll  need  more  e\  idence,"  or  "We  need  to  wait 
and  see  if  it  really  works,"  or  "It  is  something  we  should 
look  at  but  we  ha\  e  other  priorities  right  now ."  Admittedly 
there  is  often  a  measure  of  truth  to  all  of  those  statements, 
but  there  is  also  the  risk  that  such  reticence  will  deter 
otherwise  enthusiastic  clinicians  from  ad\ancing  innova- 
ti\e  treatment  and  care  strategies. 

Depending  on  the  new  product  being  proposed,  such 
statements  are  now  routinely  \oiced  by  one  or  more  of  the 
following  decision-makers:  purchasing  agents,  medical  di- 
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rectors,  administrators,  department  directors,  benefits  man- 
agers, case  managers,  and  often  members  of  hospital  or 
health  plan  pharmaceutical  and  thcrapcLitic  committees.  In 
essence,  there  is  an  initial  visceral  response  to  focus  on  the 
short-term  financial  impact  of  new  technology,  at  the  ex- 
pense of  longer-term  outcomes.  In  the  interest  of  fairness, 
this  inherent  reticence  may  even  be  based  on  what  is  per- 
ceived as  a  reasonable  appreciation  of  the  realities  of  to- 
day's limitatii)ns.  Good  intentions  notwithstanding,  certain 
decision-makers  have  erected  formidable  barriers  to  the 
adoption  of  new  technology.  Proponents  of  new  technol- 
ogy will  need  to  be,  above  all  else,  persistent  and  armed 
v\ ith  rele\anl,  evidence-based  data. 

Issue  4.  Providing  Cost/Benefit  Analysis 

If  budget  gatekeepers  and  other  key  decision-makers  are 
to  be  won  over,  the  proponents  of  the  new  product  need  a 
strategic  plan  to  gather  and  present  empirical  evidence  that 
demonstrates  better  outcomes.  Valid  and  reliable  data  that 
demonstrate  both  clinical  improvement  and  overall  cost- 
effectiveness  will  greatly  enhance  the  likelihood  that  the 
new  technology  will  be  seriously  considered.  Moreover, 
the  data  used  to  support  the  adoption  of  the  new  technol- 
ogy must  be  easily  understood  by  all,  especially  nonclini- 
cians.  If  financial  modeling  is  used,  the  assumptions  must 
be  representative  of  the  "real  world""  and  not  hypothetical 
situations  based  on  supposition  and  wishful  thinking.  The 
stakes  are  simply  too  great  to  expect  anything  less. 

A  major  challenge  facing  clinicians  in  this  era  of  cost- 
containment  is  a  lack  of  resources  to  conduct  serious  in- 
vestigations to  evaluate  the  impact  of  new  technology.  As 
a  result,  it  is  often  left  to  the  manufacturer  to  fund  or 
otherwise  support  (eg,  by  providing  free  goods)  the  data 
collection  efforts.  This  of  course  introduces  a  potential  for 
bias,  intentional  or  otherwise,  that  can  skew  the  design  and 
results.  The  best  possible  scenario,  but  least  practical  in  an 
era  of  limited  resources,  would  be  for  interested  clinicians 
and  institutions  to  independently  conduct  parallel  trials  to 
see  if  their  outcomes  are  similar,  but  logistics  alone  pre- 
cludes such  an  approach.  Nonetheless,  manufacturers  have 
a  vested  interest  in  moving  the  validation  process  along 
quickly.  The  challenge  is  to  work  with  interested  and  mo- 
tivated manufacturers  while  ensuring  that  clinical  credi- 
bility is  maintained. 

When  the  results  of  investigations  or  trials  are  consid- 
ered specious  or  otherwise  self-serving,  a  credibility  issue 
is  introduced  that  may  have  serious  long-term  adverse  con- 
sequences. It  is  therefore  imperative  that  it  be  done  right 
the  first  time.  Those  coordinating  and  participating  in  such 
trials  will  be  expected  to  maintain  an  objective  focus  in 
terms  of  what  will  be  evaluated  and  by  whom.  Of  equal 
importance  will  be  the  need  for  a  clear  understanding  and 
agreement  as  to  how.  when,  and  under  what  conditions  the 


investigation  will  be  conducted.  The  collection  and  report- 
ing of  outcome  data  must  follow  a  predetermined  scheme 
to  ensure  not  only  credibility  but  confidence. 

Issue  5.  Impact  of  Activated  Consumers 

One  of  the  key  changes  being  promoted  for  an  im- 
proved, less  wasteful  future  health  care  delivery  system  is 
the  active  involvement  of  patient-consumers  in  the  deci- 
sion-making process.  As  it  is,  patient-consumers  are  al- 
ready being  forced  to  become  more  active  participants  in 
their  health  care  decisions.^""'  Out-of-pocket  expenses 
are  steadily  increasing  as  annual  deductibles  and  copay- 
ments  escalate.  Patient-customers  also  face  increased  out- 
of-pocket  expenses  when  they  decide  to  seek  health  care 
from  nonparticipating  providers,  as  is  often  the  case  when 
the  health  care  benefit  package  offered  by  an  employer  is 
a  generic,  no-frills,  managed-care  product.  In  that  situation 
the  patient-consumers  may  find  their  health  care  needs  not 
effectively  met  within  the  approved  panel  of  providers, 
forcing  them  to  seek  care  from  nonparticipating  providers. 

There  are  several  other  forces  at  work  that  will  result  in 
patient-consumers  becoming  more  directly  involved  in  their 
health  care  choices.  A  major  change  is  already  underway 
in  the  administration  of  health  insurance  benefits,  as  em- 
ployers reevaluate  the  traditional  model  for  providing  health 
care  benefits.  Historically,  health  care  benefits  have  been 
provided  to  an  employee  as  a  "defined  benefit.""'  Under 
that  concept,  employers  negotiate  the  most  affordable  health 
care  benefits  package  for  their  employees  and  then  pay  the 
selected  health  plan  the  agreed  rate.  Employees  have  little 
say  over  the  selection  of  the  health  plan.  If  and  when 
employees  or  their  covered  dependents  encounter  difficul- 
ties in  obtaining  the  level  of  health  care  they  have  come  to 
expect,  complaints  are  soon  directed  at  the  employer's 
benefits  manager  for  contracting  with  a  health  plan  that  is 
now  perceived  as  unacceptable.  The  relationship  between 
the  employer  and  employee  becomes  tense  and  is  espe- 
cially troublesome  when  collective  bargaining  is  also  added 
to  the  mix. 

To  remove  themselves  from  the  ire  of  employees  dis- 
gruntled with  the  selected  health  plan,  employers  have 
begun  adopting  a  new  concept  for  providing  health  care 
benefits,  known  as  "defined  contribution."""'''^  Under  this 
model,  employers  contribute  a  defined  amount  of  money 
per  employee  to  allow  each  employee  to  purchase  his  or 
her  own  health  care  benefits.  The  defined  contribution 
approach  compels  employees  to  evaluate  competing  health 
plans  to  see  which  one  will  best  meet  their  needs.  Once 
selected,  the  employer  pays  the  premium  to  the  health  plan 
on  behalf  of  the  employee.  If  the  employee  encounters 
obstacles  to  access  or  coverage,  the  employer  is  off  the 
hook.  Under  a  defined  contribution  model,  consumers  soon 
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reali/e  the  importance  (if  the  age-old  axiom,  "Let  the  buyer 
beware." 

One  of  the  big  iini<nowns  in  having  consumers  assume 
a  greater  role  in  health  care  decisions  is  the  potential  for 
increased  tensions  between  patients,  providers,  and  health 
plan  representatives.'  Generally,  patient-consumers  ini- 
tially lack  the  insight  and  background  about  the  conse- 
quences of  a  particular  disease  or  condition  and  often  have 
unrealistic  expectations  about  w hat  inter\entions  w ill  \\()rk 
and  the  time  frame  for  clinical  and  finictional  improve- 
ment. Perceptions  tend  to  be  formed  from  a  combination 
of  limited  knowledge,  wishful  thinking,  and  misinforma- 
tion gleaned  from  one  or  more  sources:  print  media,  the 
Internet,  or  fictional  depictions  seen  in  film  or  video. 

Another  factor  dri\  ing  consumer  activation  is  direct-to- 
consumer  advertising  for  prescription  drugs.  Hundreds  of 
millions  of  advertising  dollars  are  spent  each  year  encour- 
aging consumers  to  actively  approach  their  physicians  to 
determine  if  the  drug  or  product  being  promoted  is  "right 
for  you."  Physicians,  already  under  tremendous  pressures 
to  tend  to  a  burgeoning  schedule  of  office  visits,  are  not 
inclined  to  spend  valuable  time  discussing  the  indications, 
effects,  and  clinical  uses  of  heavily  promoted  prescription 
drugs,''' 

Such  efforts  to  activate  consumers  create  the  risk  that  a 
patient-consumer  might  not  accept  a  legitimate  medical 
explanation  that  contradicts  what  he  or  she  believes.  For 
example,  a  physician  specialist  may  be  correctly  managing 
a  chronic  pulmonary  condition,  including  prescribing  a 
standard  compressor-nebulizer  for  self-administration  of 
aerosolized  medications,  but  the  patient-consumer  may 
want  one  of  the  new,  portable,  battery-powered  nebulizers, 
the  one  they  saw  a  friend  using  or  saw  in  a  magazine  or 
read  about  on  the  Internet.  The  patient-customer  is  swayed 
by  the  enhanced  portability,  whereas  the  prescribing  phy- 
sician knows  that  only  the  standard  electrical  compressor 
will  be  covered  under  the  health  plan,  which  would  cer- 
tainly favor  the  less  expensive  electrical  compressor  as  the 
most  cost-effective  option  and  consider  the  new,  battery- 
operated  nebuli/er  more  of  a  convenience  item.  At  the 
same  time,  the  patient-consumer  (or  possibly  e\  en  the  pre- 
scribing physician)  is  convinced  the  battery-operated  fea- 
ture is  indeed  medically  necessary.  Such  disagreements 
about  what  is  medically  necessary  (co\cred)  and  what  is  a 
convenience  item  (nt)ncovered)  will  only  intensify  as  pa- 
tient-consumers become  more  involved  in  their  health  care 
decision-making.  Extending  patient-customers  the  option 
of  paying  pri\ately  for  items  the\'  perceive  as  medically 
necessary  but  that  the  health  plan  refuses  to  cover  adds 
fuel  to  the  fire. 

In  sunuiiary  then,  the  above  listed  ."^  issues  are  the  key 
obstacles  that  are  sure  to  emerge  as  new  nebulizer  designs 
are  introduced  to  the  marketplace.  Those  interested  in  cham- 
pioning the  ado])lion  of  new  nebulizers  will  be  well  ad- 


Table  2.      Types  of  Economic  Analysis 


Type 


Outcome 


Cost  minimization 

Cost-effectiveness 

Cost/benefit 

Cosl/utility 

(Adapted  from  Reference  Ifvl 


Select  product  witti  lowest  cost 
Cost  per  number  of  cures  or  lives  saved 
Costs  versus  overall  savings 
Cost  per  quality-adjusted  life  year 


vised  to  address  each  of  these  issues  beforehand,  in  a 
thoughtful,  deliberative  manner.  Relying  solely  on  the  fea- 
tures and  benefits  of  a  novel  nebulizer  design  to  justify  its 
adoption  will  not  work  in  today's  environment.  Since  there 
is  little  written  about  the  specific  challenge  of  introducing 
a  new  nebulizer  into  a  marketplace  consumed  with  a  cost- 
containment  fervor,  it  may  be  helpful  to  look  at  what  has 
been  written  about  getting  a  new  drug  adopted  in  that 
environment. 

Pharniacoeconomics:  Just  for  New  Drugs? 

Pharmacoeconomics  is  a  relatively  new  but  rapidly  grow- 
ing field.  Long  the  purview  of  the  pharmacy  profession, 
pharmacoeconomics  represents  a  formalized,  disciplined 
process  to  evaluate  the  cost-effectiveness  of  new  medica- 
tions. The  purpose  is  to  provide  an  objective  framework 
for  making  clinical,  therapeutic,  and  care  decisions.-"  No 
doubt,  the  growing  popularity  of  using  pharmacoeconomic 
data  and  related  outcomes  to  justify  the  replacement  of  an 
existing  formulary  medication  with  a  new  agent  is  being 
driven  by  the  economic  realities  associated  with  an  era  of 
finite  health  care  dollars.-' 

A  major  challenge  facing  individuals  collecting  and  pre- 
senting pharmacoeconomic  and  outcome  data  is  to  ensure 
that  the  evaluation  process  focuses  on  the  ncr  outcomes. 
over  time,  instead  of  just  looking  at  the  immediate  incre- 
mental increases  in  unit  cost.--  Provincial  budget  protec- 
tionism tends  to  elevate  the  issue  of  incremental  cost  in- 
creases to  the  primary  point  of  contention.  In  that  context, 
efforts  to  justify  adoption  of  a  new  technology  are  ex- 
tremely difficult  if  not  futile.  Those  championing  new  tech- 
nology must  understand  the  ways  economic  data  are  col- 
lected, presented,  and  perceived  by  key  decision-makers. -^ 

Types  of  Economic  Analysis 

There  is  a  hierarchv  of  4  types  of  economic  analysis  that 
can  be  used  to  conduct  pharmacoeconomic  studies  (Table 
2)."'-"  Each  type  has  its  own  limitations,  usefulness,  and 
relevance,  A  brief  description  of  each  follows. 
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Cost  Minimization  Analysis 

Ciist  ininimi/alioii  analysis  occurs  when  tlieie  is  a  direct 
comparison  of  2  drugs  (or  devices)  assumed  to  have  iden- 
tical outcomes,  tolerability,  and  adverse  effect  profiles.-' 
In  this  situation  the  decision  is  rather  straightforward:  the 
drug  or  device  having  the  lowest  acquisition  cost  is  pre- 
ferred. This  should  be  the  only  situation  in  which  a  deci- 
sion to  adopt  a  new  drug  (or  device)  can  be  predicated  on 
cost  alone.  In  reality  there  are  relatively  few  situations  in 
today's  health  care  system  in  which  the  basic  assumptions 
underlying  cost  minimization  studies  would  be  applicable. 
The  more  common  situation  is  for  differences  to  exist 
between  the  drugs  being  compared,  including  acquisition 
costs.  For  this  and  other  reasons,  cost  minimization  anal- 
ysis is  not  widely  used.-'"-' 

Cost-Effectiveness  Analysis 

Cost-effectiveness  analysis  assesses  the  health  care  ben- 
efit(s)  of  an  intervention  by  considering  one  or  more  out- 
comes and  comparing  the  observed  outcomes  with  the 
costs  of  the  new  drug.  Outcomes  are  typically  expressed  as 
some  tangible  benefit  directly  attributable  to  the  interven- 
tion, such  as  a  reduction  in  the  overall  number  of  treat- 
ments, the  number  of  hospital  admissions  avoided,  or  de- 
creases in  length  of  stay.  Because  of  their  immediate 
obviousness  and  relevance,  outcomes  associated  with  cost- 
effectiveness  analysis  tend  to  be  readily  understood  by 
clinicians.  However,  cost-effectiveness  outcomes  might  not 
always  be  translated  to  a  dollar  value,  and  in  the  present 
climate  that  omission  greatly  reduces  the  utility  of  such 
data.  This  limitation  is  more  adequately  addressed  in  the 
next  type  of  analysis,  the  cost/benefit  approach,  in  which 
cost-effectiveness  data  are  viewed  in  the  context  of  eco- 
nomic benefits. 

Cost/Benefit  Analysis 

Cost/benefit  analysis  attempts  to  translate  into  dollar 
terms  the  improved  clinical  outcomes  from  a  new  care  or 
treatment  intervention.  One  substantial  challenge  in  cost/ 
benefit  analysis  is  that  certain  cost  estimates,  especially 
indirect  costs  are,  by  nature,  arbitrary.  Though  charges  for 
costs  of  goods  and  some  services  are  relatively  easy  to 
identify,  it  is  more  difficult  to  quantify  certain  costs,  such 
as  labor,  benefits,  administrative  overhead,  and  regulatory 
compliance.  Nonetheless,  attempts  to  evaluate  costs  will 
be  expected  to  address  both  direct  and  indirect  costs.  For 
example,  if  a  novel  nebulizer  is  shown  to  result  in  35% 
fewer  treatments  during  a  hospitalization,  the  incremental 
increase  in  the  cost  of  the  device  should  be  evaluated  in 
the  context  of  the  overall  savings  realized.  In  that  context 
fewer  nebulizer  treatments  during  a  hospital  stay  might 


ostensibly  result  in  more  satisfactory  patient  care,  fewer 
missed  treatments,  labor  savings,  and  possibly  a  decrease 
in  the  length  of  stay.  Taken  together,  the  overall  savings 
inight  more  than  offset  the  higher  acquisition  cost  of  the 
new  nebulizer. 

Cost/benefit  analysis,  by  design,  requires  that  clinicians 
approach  this  type  of  study  or  trial  with  an  understanding 
that  economic  end  points  are  included  in  the  study  design. 
Capturing  and  blending  cost-effectiveness  data  with  valid 
cost/benefit  outcomes  data  helps  decision-makers  see  the 
larger  picture. 

Cost/Utility  Analysis 

Cost/utility  analysis  attempts  to  combine  outcomes  from 
clinical  studies  into  a  discreet  measurable  ratio.-"-'  De- 
signing and  conducting  pharmacoeconomic  studies  using 
cost/utility  analysis  is  the  most  complex  of  the  4  approaches, 
and  an  in-depth  discussion  is  beyond  the  scope  here.-'^--'' 

The  coinmon  measure  used  in  cost/utility  analysis  is 
called  "quality-adjusted  life  years"  (QALYs),  a  term  which 
combines  several  elements,  including  length  of  survival, 
morbidity  and  mortality,  and  perceptions  of  well-being 
into  a  single  common  unit.  The  basis  of  cost/utility  anal- 
ysis is  to  have  the  patient  (or  caregiver)  assign  a  utility 
value  to  a  health  state,  on  a  scale  of  0-1 .  in  which  0  utility 
represents  being  near  death  and  1  represents  perfect  health. 
For  example,  if  a  given  health  state  has  a  utility  of  0.5.  a 
year  spent  in  that  health  state  would  be  worth  0.5  QALY. 
By  comparing  the  cost  of  treatment  to  the  number  of  QALYs 
saved,  a  cost/utility  ratio  can  be  calculated. 

Cost/utility  ratios  are  theoretically  the  most  standard  of 
all  ratios  used  in  pharmacoeconomic  studies.  Cost/utility 
study  methodology  allows  several  care  and  treatment  in- 
terventions to  be  evaluated  concurrently.  Hence,  their  great- 
est appeal  is  for  difficult  broad  policy  and  resource  allo- 
cations decisions.-" 

Types  of  Pharmacoeconomic  Studies 

When  a  decision  is  made  to  formally  evaluate  a  new 
drug.  4  methodologies  can  be  considered,-"  each  of  which 
have  certain  strengths  and  limitations.  To  ensure  the  out- 
comes will  be  useful  and  acceptable,  those  involved  in 
preparing  and  conducting  such  studies  will  be  expected  to 
clearly  appreciate  the  differences  between  the  competing 
strategies. 

Prospective  Economic  Trial 

A  prospective  economic  trial  focuses  almost  exclusively 
on  economic  variables  and  typically  consists  of  relatively 
routine,  straightforward  interventions-"-'  such  as  compar- 
ing one  drug  or  device  with  another  in  a  comparable  set- 
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ting  and  measuring  eccinomic  outcomes.  The  difficulty 
with  this  approach  is  that  there  are  wide  differences,  even 
within  the  same  institution,  in  hou  cost  variables  are  re- 
pt)i"ted.  Accordingly,  the  trial  must  enroll  a  \ery  large  sam- 
ple size  if  significant  differences  are  to  he  detected,  mak- 
ing this  an  expensi\e  and  time-consuming  approach.  For 
these  and  other  reasons,  prospective  economic  trials  alone 
are  not  widely  used  in  pharmact)economic  studies. 

Piggyback  Trial 

The  "piggyback"  trial,  which  is  gaining  in  popularity, 
uses  a  clinical  study  as  the  basis  for  measuring  additional 
economic  variables.  For  example,  a  clinical  study  may 
reveal  that  a  new  drug  has  superior  efficacy  and  an  ac- 
ceptable safety  profile.  The  clinical  markers  would  include 
one  or  inore  specific  improvements  observed  following 
administration  of  the  new  drug  (eg.  a  30%  increase  in 
forced  expiratory  volume  in  the  first  second).  In  this  ca.se. 
secondary  economic  markers  could  also  be  identified  and 
appropriate  data  collected  and  reviewed.  The  improved 
clinical  efficacy  might  reduce  the  number  of  asthma  pa- 
tients admitted  to  the  hospital  from  the  emergency  room. 
Another  economic  marker  might  be  fewer  physician  visits 
during  the  asthma  season. 

At  the  conclusion  of  a  piggyback  study,  a  better  clinical 
efficacy  and  safety  profile  could  be  established.  At  the 
same  time,  both  direct  and  indirect  economic  data  can  be 
collected  and  compared.  If  the  clinical  trial  is  properly 
powered,  the  results  could  be  used  to  guide  decisions  about 
adopting  the  new  drug,  justifying  the  higher  acquisition 
cost. 

There  is  an  important  point  that  must  be  considered 
whenever  data  from  clinical  studies  are  later  used  to  justify 
adoption  of  a  new  drug.  The  natural  inclination  is  to  use 
existing  clinical  data  that  were  originally  generated  to  sat- 
isfy regulatory  requirements  such  as  obtaining  FDA  ap- 
proval. However,  clinical  studies  undertaken  to  support  an 
application  for  formal  appro\al  are  limited  in  focus.-''-" 
The  primary  emphasis  during  FDA  trials  is  to  establish  the 
efficacy  and  safety  of  new  drugs  or  devices.  Rarely  will 
that  sort  of  data  address  economic  issues  regarding  wide- 
spread use  once  approval  is  obtained.  Thus,  subsequent 
clinical  studies  must  address  economic  issues  once  the 
new  drug  or  device  is  approved.  Manufacturers  are  under 
tremendous  pressure  to  realize  revenue  from  the  sale  of 
newly  approved  drugs  and  devices,  but  additional  studies 
addressing  the  economic  impact  of  adopting  the  new  drug 
and  desice  will  be  needed  and  expected. 

Review  of  an  Existing  Database 

Though  it  is  intriguing  to  search  the  extensive  databases 
that  exist  in  health  plans,  managed-care  programs,  and 


elsewhere,  this  approach  does  present  a  serious  obstacle. 
Retrospective  studies  present  the  inherent  weakness  of  not 
being  able  to  randomize  patients  or  establish  a  definite 
causal  relationship  between  different  interventions.  How- 
ever, this  approach  might  pro\e  useful  in  establishing  a 
baseline  against  which  to  compare  subsequent  outcome 
studies.  As  an  example,  one  could  review  a  database  and 
determine  the  incidence  of  chronic  obstructive  pulmonary 
disease  patients  who  require  hospitalization  for  respirato- 
ry-related problems  during  the  flu  season.  Those  data  could 
then  serve  as  the  historical  standard  to  compare  with  ad- 
mission data  from  a  piggyback  study  primarily  designed  to 
look  at  2  different  drugs. 

Database  reviews  cannot  be  used  as  the  sole  method  of 
gathering  valid  and  reliable  pharmacoeconomic  data.  Data 
reliability  from  large  health  care  databases  is  somewhat 
suspect  because  of  the  numerous  individuals  and  sources 
inputing  data  into  the  system  and  the  fact  that  an  unknown 
number  have  direct  access  following  the  initial  data  input. 
However,  large  health  care  databases  will  probably  be- 
come more  reliable  with  advances  in  information  technol- 
ogy and  as  access,  confidentiality,  and  privacy  guidelines 
mandated  by  the  Health  Insurance  Portability  and  Account- 
ability Act  are  implemented  throughout  health  care. 

Modeling 

The  creation  and  use  of  models  and  simulations  to  dem- 
onstrate cost-effectiveness  is  quite  popular  in  health  care, 
especially  w  ith  manufacturers.  Basic  assumptions  are  used 
to  develop  a  simulation  in  which  potential  customers  see  a 
visual  representation  of  how  a  new  drug  or  device  will 
compare  to  the  existing  drug  or  device.  Economic  and 
utilization  assumptions  are  used  as  the  basis  for  capturing 
existing  costs  (direct  and  indirect)  and  the  allocation  of 
resources  for  a  given  clinical  situation.  Data  are  furnished 
by  the  potential  customer  and  in.serted  into  the  model. 
Once  the  program  is  completed,  the  manufacturer  hopes 
that  the  results  will  prove  that  the  new  drug  or  device  is  a 
better  deal  than  what  is  cuiTcntly  in  use. 

The  main  difficulty  with  nK)deling.  especially  when  de- 
signed and  developed  by  industry,  is  that  the  assumptions 
may  be  more  idealistic  than  realistic.  The  challenge  is 
made  all  the  more  difficult  because  there  is  so  much  vari- 
ation throughout  health  care,  and  the  variability  is  not  just 
due  to  geographic  differences.  It  is  not  uncommon  for  2 
facilities  in  the  same  city,  separated  by  only  a  few  miles, 
to  have  different  approaches  to  providing  care  and  treat- 
ment. Economic  and  utili/aticMi  assumptions  that  may  be 
accurate  tor  one  or  several  institutions  ma)  be  completely 
irrelevant  in  other  institutions.  Accordingly,  at  the  outset, 
those  involved  in  the  process  must  recognize  the  limita- 
tions of  modeling,  especially  with  respect  to  the  \  alidity  of 
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the  underlying  assumptions  luul  ihcir  relevance  to  \arious 
settings. 

To  summarize,  several  types  of  pharmacoecononiic  anal- 
ysis and  e\ aluati\e  study  are  useful  in  the  arduous  process 
of  justifying  the  adoption  of  a  new  and  possibly  more 
expensive  drug.  Upon  review  of  the  basic  underlying  prin- 
ciples of  pharmacoeconomics.  it  appears  that  pharmaco- 
economics  could  easily  work  with  a  new  nebulizer  as  well. 
Clinicians  should  consider  this  option  when  enthusiasm 
for  the  positi\e  clinical  impact  of  adopting  a  new  nebulizer 
begins  to  emerge. 

It  is  important  that  those  insxihed  with  designing  and 
conducting  such  analysis  remain  sensitive  to  the  various 
limitations  associated  with  each  strategy.  It  has  been  sug- 
gested that  a  valid  and  reliable  economic  evaluation  has 
several  essential  components: 

1.  Relevant,  good  quality  clinical  data  from  a  robust 
study  design 

2.  Relevant  outcomes  and  costs  that  are  measured,  val- 
ued, and.  if  appropriate,  also  discounted  credibly  and  ac- 
curateh' 

3.  Appropriate  data  analysis  methods 

4.  Upon  completion  of  the  study,  presentation  of  the 
results  in  a  manner  that  maximizes  their  usefulness-' 

Obstacles  to  New  Nebulizer  Technology 

One  of  the  major  challenges  to  introducing  a  new  neb- 
ulizer is  the  long  legacy  of  existing  devices.  Standard  jet 
nebulizers  in  use  today  are  relatively  inexpensive  and,  in 
spite  of  recognized  limitations,  have  for  decades  been  used 
successfully  in  most  clinical  settings.  One  troubling  limi- 
tation is  the  erosion  of  performance  in  a  single-patient-use 
nebulizer  when  used  for  extended  periods,  such  as  occurs 
with  home  use.  In  the  hospital  this  weakness  is  addressed 
by  replacing  the  nebulizer  every  few  days.  Another  weak- 
ness of  conventional  jet  nebulizers  is  the  inefficiency 
of  medication  deposition  in  the  lungs,  which  is  usually 
<  20%  of  the  nebulized  dose.  However,  this  limitation  has 
been  addressed  by  having  a  higher  do.se  of  the  medication 
in  the  nebulizer  formulation  than  in  other  formulations, 
such  as  that  in  a  metered-dose  inhaler.  Obviously,  im- 
proved performance  and  drug  delivery  should  translate  to 
better  clinical  outcomes,  and  one  would  hope  that  im- 
proved performance  and  drug  delivery  would  be  welcomed, 
but  cost  will  remain  a  lingering  concern  until  empirical 
evidence  shows  long-term  financial  benefits.'" 

Provider  acquisition  costs  are  nominal  for  standard,  sin- 
gle-patient-use jet  nebulizers.  With  the  proliferation  of 
group  purchasing  agreements  and  other  bundling  incen- 
tives the  unit  cost  has  steadily  fallen,  to  the  point  where  it 
now  is  less  than  a  dollar.  Newer,  more  efficient  devices 
such  as  breath-enhanced  and  breath-actuated  nebulizers 
cost  substantially  more,  and  the  new  portable  electronic 


nebulizers  can  cost  several  hundred  dollars.  A  standard 
compressor-nebulizer  costs  about  .S50.  so  that  cost  differ- 
ence is  certain  to  raise  concern. 

Thus,  the  low  acquisition  cost  and  widespread  accep- 
tance of  the  performance  limitations  of  conventional  jet 
nebulizers  are  potential  obstacles  to  the  adoption  of  a  no\  el 
nebulizer.  Clinicians  with  recognized  expertise  in  thera- 
peutic aerosols,  primarily  respiratory  therapists  (RTs),  must 
assume  a  leadership  role  in  evaluating  whether  the  higher 
acquisition  cost  of  a  novel  nebulizer  (or  drug)  is  justified 
in  the  long  term  by  improved  clmical.  functional,  and  fis- 
cal outcomes.  But  that  may  be  easier  said  than  done. 

Another  challenge  faced  by  those  eager  to  introduce 
novel  nebulizers  into  the  clinical  setting  seems  to  be  pro- 
vider indifference.  Increasingly,  providers  (RTs  among 
many  others)  are  faced  with  burgeoning  workloads  caused 
by  personnel  shortages.  It  is  not  surprising  then  that  RTs 
are  not  initially  as  enthusiastic  as  manufacturers  would 
like  about  championing  new  nebulizer  technology.  There 
are  simply  too  many  other  demands  on  an  already  full 
schedule.  The  challenge  is  to  elevate  awareness  of  the 
potential  impact  of  new  nebulizer  technology  and  how  its 
adoption  might  enhance  clinical  efficiency.  When  the  data 
are  compelling,  RTs  have  a  rich  legacy  of  advocating  the 
adoption  of  new  technology.  The  profession  has  repeat- 
edly learned  that,  in  the  long  term,  the  results  of  innova- 
tion were  well  worth  the  effort. 

In  the  1980s  many  RTs  became  very  interested  in  neb- 
ulizer design  and  performance  because  of  concern  about 
clinician  exposure  to  potentially  harmful  aerosol  exhausts 
from  nebulization  of  pentamidine  and  ribavirin."  As  a 
result,  nebulizers  with  integral  scavenging  filters  soon  be- 
came the  norm  when  either  of  those  agents  were  admin- 
istered. Today  the  clinician  exposure  issue  has  returned,  as 
aerosol  therapy  is  being  expanded  to  include  the  delivery 
of  potent  systemic  agents  (eg,  aerosolized  chemotherapy). 
It  was  recently  reported  that  passive  exposure  of  RTs  to 
the  exhaust  of  nebulized  racemic  albuterol  resulted  in  de- 
tectible  elevation  in  the  plasma  level  of  the  nontherapeutic 
(S)  isomer.'-  Previously,  several  investigators  studied  the 
purported  higher  incidence  of  occupational  asthma  in 
RTs.^^-'-*  Clearly,  the  entire  issue  of  provider  protection 
during  aerosol  therapy  warrants  further  attention.  The  use 
of  more  efficient  nebulizers  to  improve  drug  delivery  and 
minimize  caregiver  exposure  to  aerosol  exhaust  is  an  im- 
portant issue  that  remains  to  be  explored. 

Whether  motivated  by  the  prospect  of  more  effective 
treatments  and  better  patient  outcomes  or  concern  for  their 
personal  safety,  or  both,  RTs  are  the  best  suited  providers 
to  study  and  evaluate  if  adoption  of  newer,  more  costly 
nebulizers  and  medications  can  be  justified.  Given  today's 
unsettling  health  care  delivery  env  ironmcnt.  that  will  be  no 
easy  task.  Nonetheless,  the  preliminary  evidence  does  sug- 
gest that  new  nebulizers  can  improve  efficiency,  effective- 
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ness,  and  safety,  so  RTs  should  pay  serious  attention  to  the 
potential  benefits  to  patients  and  not  be  deterred  by  the 
initial  misgivings  of  those  whose  decision-making  is  guided 
by  provincial  budget  protectionism. 

Justifying  Value:  Some  Caveats 

Manufacturers  preparing  to  introduce  a  new  nebulizer 
or  drug  into  the  clinical  setting  face  formidable  challenges. 
The  present  health  care  environment  is  permeated  with  a 
cost-consciousness  mindset  that  often  becomes  the  domi- 
nant force  behind  most  care  and  treatment  decisions.  This 
is  especially  unsettling  when  such  decisions  are  based  on 
the  perceived  negative  consequences  of  the  "here  and  now" 
(ie,  it  costs  more)  instead  of  the  positive  effects  that  might 
accrue  as  a  result  of  adopting  new  technology  (ie,  better 
overall  cost-effectiveness). 

Clinicians  eager  to  champion  the  adoption  of  new  nebu- 
lizers have  much  to  benefit  from  the  field  of  pharmaco- 
economics.  The  formalized  methodology  provides  a  frame- 
work in  which  cost  and  benefit  data  can  be  accumulated 
and  used  to  support  the  most  appropriate  clinical  deci- 
sions. The  more  robust  the  study  design,  the  more  credible 
the  outcomes,  and  (assuming  the  data  support  the  new 
intervention)  the  greater  the  probability  that  the  right  deci- 
sion will  be  made  for  the  right  reasons.  Often  it  is  necessary 
to  balance  the  desires  of  one  constituency  with  those  of  an- 
other, but  potential  or  actual  bias  must  be  avoided  to  ensure 
objectivity.  Industry-sponsored  studies  are  especially  prone 
to  being  dismissed  as  too  self-serving,  especially  when  the 
provincial  budget  is  to  be  protected  at  all  costs. 

Mindful  of  the  importance  of  data  that  pharmacoeco- 
nomic  studies  can  generate,  a  formal  movement  is  under- 
way to  disseminate  "generally  accepted  pharmacoeconomic 
principles,"''^  and  a  code  of  ethics  has  been  developed. 
These  efforts  are  intended  to  minimize  the  occurrence  of 
biased  and  self-serving  pharmacoeconomic  studies,  thereby 
enhancing  the  utility  of  data  from  quality  studies.  The 
International  Society  for  Pharmacoeconomics  and  Out- 
comes Research  (ISPOR),  a  relatively  new  professional 
organization,  has  taken  the  lead  in  this  endeavor.^''  The 
ISPOR  has  quickly  become  a  driving  force  in  the  pursuit 
of  valid  and  reliable  research  data  that  can  be  used  to  make 
more  informed  and  hopefully  more  equitable  care  and  treat- 
ment decisions. 

The  ISPOR"s  stated  purpose  is  "to  translate  pharmaco- 
economics and  outcomes  research  into  practice  to  ensure 
that  society  allocates  scarce  health  care  resources  wisely, 
fairly,  and  efficiently.""'  In  a  word,  the  ISPOR  strategy  is 
to  advance  the  "science"  of  pharmacoeconomics  and  health 
outcomes  research.  The  mere  existence  of  the  ISPOR  un- 
derscores the  fact  that  the  growing  need  for  quality  data 
upon  which  future  care  and  treatment  decisions  can  be 
made  is  not  just  limited  to  the  United  States.  The  reality  of 


finite  health  care  resources  necessitating  hard  decisions 
faces  countries  worldwide.""* 

Summary 

The  development  and  availability  of  new  nebulizers  has 
the  potential  to  greatly  improve  the  administration  of  ther- 
apeutic aerosols.  These  new  devices  will  also  bring  closer 
the  possibility  of  aerosol  therapy  for  nonpulmonary  con- 
ditions in  a  more  comfortable,  convenient,  and  one  would 
hope  more  efficacious  manner.  As  with  any  new  technol- 
ogy there  will  be  those  who  immediately  see  the  short  and 
long  term  advantages  of  a  new  nebulizer  and  will  be  mo- 
tivated to  champion  its  adoption.  At  the  same  time  there 
will  be  others  who  view  a  more  expensive  nebulizer  with 
skepticism.  In  the  present  environment  that  lack  of  instant 
acceptance  is  to  be  expected.  When  the  skeptics  outnum- 
ber the  champions,  the  chances  for  adoption  diminish.  It 
will  be  up  to  the  champions  to  gather  and  present  data  that 
are  credible,  compelling,  and  easily  understood.  To  that 
end,  industry  can  play  an  important  supportive  role.  There 
is  the  potential  for  bias  and  distortion  of  methodology  and 
results,  but  if  all  parties  abide  by  the  generally  accepted 
pharmacoeconomic  principles  and  the  ISPOR  code  of  con- 
duct, clinical  studies  and  trials  will  have  a  much  better 
chance  of  being  accepted  by  skeptical  decision-makers. 
Care  and  treatment  decisions  will  then  be  made  on  the 
basis  of  good  data,  even  if  adoption  of  a  new  drug  or 
device  drives  up  the  immediate  acquisition  costs  over  his- 
torical levels.  If  adoption  of  a  new  nebulizer  results  in 
more  cost-effective  outcomes  through  reduced  complica- 
tions, improved  efficiency,  or  more  appropriate  utilization, 
then  it  will  be  well  worth  the  higher  unit  cost.  At  the  same 
time,  expending  additional  energy  and  effort  to  properly 
gather  data  supporting  the  adoption  of  a  new  nebulizer  will 
be  well  worth  the  investment.  Ideally,  better  respiratory 
care  will  result.  Hopefully,  in  the  long  run,  it  will  be 
proven  that  better  health  care,  not  necessarily  cheaper  health 
care,  will  save  both  lives  and  money. 
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Discussion 

Maclntyre:  Thank  you.  Patrick. 
That  was  a  different  look  at  things  for 
a  conference  such  as  this  one.  One  of 
the  things  that  has  always  bothered 
tiie  about  cost/benefit  analysis  in 
health  care  is  that  Tve  never  figured 
out  how  you  can  assess  cost/benefit 
for  an  expensive  new  drug  that  saves 
lives  but  also  drives  up  the  cost  of 
health  care.  An  extreme  example  of 
this  problem  is  that  the  cheapest  way 
to  take  care  of  an  intensive  care  unit 
patient  is  to  kill  him  on  the  first  day. 
And  so  anything  you  spend  to  avoid  a 
first-day  death  will  certainly  drive  up 
the  cost  of  that  person's  care.  Taking 
it  a  step  further,  somebody  once  told  me 
that  every  hospital  discharge  is  a  guar- 
anteed hospital  readmission  at  some 
point  down  the  road.  So  if  you  got  rid  of 


them  on  that  first  hospital  admission, 
you'd  take  care  of  a  future  one  later  on, 
I'm  being  a  little  bit  cynical  here,  but 
I've  often  had  a  great  deal  of  difficulty 
tiying  to  translate  a  beneficial  health  care 
outcome — survival,  a  return  to  see  the 
grandkids.  and  things  like  that — in  some 
kind  of  economic  terms,  because  it  al- 
HY/v.v  costs  money, 

Dunne:  I'm  not  a  total  expert  in 
pharmacoeconomics,  but  I  think  qual- 
ity-adjusted life  years  is  an  element  we 
need  to  look  at.  It  is  very  difficult  to  get 
people  to  agree  on  what  the  variables 
and  the  fixed  elements  should  be  in  the 
formula  for  quality-adjusted  life  years. 
I'm  also  concerned  that  there  are  a  loi 
of  people,  even  within  our  own  ranks, 
who  sometimes  miss  the  bigger  picture. 
I've  heard  respiratory  therapists  say, 
"Well,  if  I  use  that  new  nebulizer  it'll 


cut  down  the  treatment  time,  and  that 
means  I'll  lose  my  job!"  To  which  I 
say,  "There  are  going  to  be  plenty  of 
respiratory  patients,  you're  going  to  be 
expected  to  do  more  as  the  number  of 
patients  increases,  and  do  you  know  that 
there's  a  shortage  of  qualified  people 
entering  the  field?" 

O'Riordan:  There  is  a  lot  of  liter- 
ature on  cost-effectiveness  in  asthma. 
For  example,  the  pharmaceutical  in- 
dustry has  worked  for  HMOs  [hcalth- 
maintenance  organizations]  in  study- 
ing inhaled  steroids  for  asthma 
management,  and  have  demonstrated 
that  the  HMOs  spent  less  money  per 
patient  when  the  patients  were  treated 
properly. 

Dunne:  Yes.  There's  no  question, 
especially  in  the  pediatric  population. 
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that  inhaled  steroids  are  very,  very  ef- 
fective. They  have  been  successful,  but 
tho.se  are  well  designed  studies,  and 
they  certainly  are  on  the  cutting  edge 
of  pharmacoeconomics. 

Maclntyre:  1  agree  with  you  that  it 
works  in  a  disease  like  asthma,  where 
if  you  treat  them  better  you  keep  them 
out  of  the  hospital  and  they  live  pro- 
ductive lives.  But  it's  hard  to  say  that 
that  works  every  time.  The  new  sepsis 
drug  is  a  great  example:  it's  6  or  7  thou- 
sand dollars  a  pop  and  it'll  save  1  out  of 
16  that  you  treat,  which  means  that  you 
treat  16  to  save  1.  and  that  person  you 
save  is  probably  an  elderly  patient  who 
has  chronic  diseases  and  is  going  to  con- 
sume a  lot  of  health  care  resources  as  a 
consequence  of  being  saved.  1  still  would 
argue  that  we  should  be  saving  them. 
because  they're  human  beings  and  we 
value  human  life.  The  problem  is  that 
that  value  on  human  life  certainly  does 
not  translate  well  into  dollars. 

Rubin:  Patrick.  I  want  to  add  some- 
thing to  what  you  said  about  respira- 
tory therapists'  job  security.  Job  secu- 
rity isn't  in  the  number  of  patients  or 
the  number  of  treatments,  but  in  re- 
spiratory therapists  acting  as  profes- 
sionals and  doing  patient  education. 
The  respiratory  therapist's  role  today 
is  to  educate  patients.  That's  why  they 
need  to  be  knowledgeable  about  de- 
vices, medications,  and  techniques  of 
medication  administration  and  therapy. 
Education  is  what  they  should  be  doing 
al  the  bedside  while  they're  delivering 
therapy.  That's  something  they  should 
assume  as  professionals.  The  more  they 
know,  the  more  they  learn,  the  more 
they  (each,  the  better  off  they  will  be. 
That's  their  true  job  security, 

Dunne:  I  totally  agree.  Patient  ed- 
ucation is  so  important,  but  it  often 
seems  to  take  a  back  seat  to  other  ac- 
tivities. My  own  observation  is  that 
hospitals  that  have  gone  to  12-hour 
shifts  tend  to  have  staff  morale  prob- 
lems. 1  know  that  decision  is  made  for 
the  right  reasons,  but  I'm  not  so  sure 


it's  the  best  thing  that's  ever  happened 
to  the  health  care  work  force, 

Dolovich:  Over  the  last  \5  years  or 
so  a  number  of  analy.ses  have  been 
done  of  the  cost  of  the  metered-dose 
inhaler  [MDI]  with  spacer  versus  neb- 
ulizer, particularly  for  in-hospital  use. 
The  balance  sheet  comes  out  in  favor 
of  the  MDI,  I  wonder  how  that  fits  in 
with  your  attempts  to  indicate  to  these 
various  organizations  that  fund  these 
different  devices  that  the  new  nebu- 
lizers should  be  viewed  as  replace- 
ments for  the  MDI.  because  they  are 
metered-dose  liquid  inhalers.  The 
equivalent  treatment  for  bronchodila- 
tors  and  corticosteroids  can  be  given 
in  a  similar  way  to  the  MDI, 

Dunne:  I  think  that  if  the  decision- 
makers had  their  choice,  MDIs  would 
rule  the  world.  Medicare  decided  in 
the  1990s  that  they  did  not  want  to 
pay  for  all  the  solutions  that  were  be- 
ing put  into  those  Medicare  nebuliz- 
ers. Interestingly  enough,  those  same 
solutions,  when  put  into  an  MDI,  were 
considered  drugs,  and  Medicare  didn't 
pay  for  them.  So  Medicare  had  a  vested 
interest  in  promoting  MDIs,  What  they 
basically  did  was  to  put  the  burden 
back  on  the  physician,  and  said.  "For 
Medicare  to  cover  this  compressor/ 
nebulizer  you  must  attest  that  the  pa- 
tient has  failed  to  use  the  MDI."  1  must 
tell  you.  it  has  had  a  horrible  effect, 
because  a  lot  of  elderly  patients  really 
could  not  use  the  MDI  as  often  as  they 
should.  So  I  think  the  MDI  is  per- 
ceived as  being  ihe  \ery  easy  answer. 
Unfortunately,  with  some  of  these  new 
technologies,  we're  broadening  the 
scope  of  application,  and  I  think  that's 
where  we  step  out  of  it.  1  did  not  look 
at  MDIs  in  my  research  for  this  pre- 
sentation. I  looked  at  the  new  technol- 
ogies that  will  be  discussed  at  this  con- 
ference, in  terms  of  what  I've  been 
able  to  read  in  the  literature,  and  that's 
disruptive  technology. 

Rau:  I'd  like  to  follow  up  on  com- 
ments that  nebulizers  are  sloppy  de- 


vices for  delivering  aerosol.  We 
thought  that  it  never  mattered  when 
we  were  delivering  /3-agonist  bron- 
chodilators;  maybe  that  was  true  and 
maybe  it  was  not.  But  that  has  changed. 
Now  we're  beginning  to  give  tobra- 
mycin, dornase  alfa,  pulmicort.  mor- 
phine, etc.  so  nebulizer  efficiency  and 
ambient  contanunation  are  much  more 
of  a  concern  to  those  of  us  who  work 
with  them.  Interestingly,  education  is 
the  key,  and  there  are  data  to  support 
this:  Christiani  and  Kern  showed  that 
respiratory  therapists  have  an  odds  ra- 
tio of  about  2,5  compared  to  a  well- 
controlled  comparison  group  for  de- 
veloping asthma  in  the  profession,' 
And  in  a  Washington  hospital  center 
they  documented  that  the  respiratory 
therapists  had  detectable  blood  levels 
of  the  R  and  S  isomers  of  racemic 
albuterol,-  That  does  not  establish  a 
cause-and-effect  link,  but  ambient 
contamination  even  from  apparently 
benign  bronchodilator  solutions  may 
be  linked  to  occupational  asthma.  The 
point  is  that  we  are  inhaling  the  med- 
ications, and  that's  one  more  docu- 
mentation of  it,  Carnathan  and  Martin 
recently  published  an  abstract  regard- 
ing respiratory  therapists'  second- 
hand exposure  to  j3  agonists,-  And  for 
child-bearing  women,  ambient  con- 
tamination from  tobramycin  is  a  risk 
factor  for  fetal  harm.  I  suspect  few 
therapists  have  any  information  about 
that,  and  we  suspect  the  patients  don't 
have  any  knowledge  about  risk  from 
tobramycin  in  the  ambient  aii. 

REFERENCK 

1 .  C'lii  i^tlani  DC,  Kern  DC.  .Asthma  risk  and 
occupation  as  a  respiratory  therapist.  Am  Rev 
RespirDis  199.1;148(.1):67l-674. 

2.  Carnathan  B,  Martin  B,  Cohce  G,  Second 
hand  (S)-albulerol:  RT  exposnrc  risk  follow- 
ing raccmic  alhuterol  (ahstracl).  RcspirCare 
2001:46(101:10X4. 

Dunne:  Mark  Everard  attended  the 
Aerosol  Consensus  Conference  we  did 
2  years  ago  [published  in  Ri-spiraiory 
CARt;  in  June  2()()()|,  and  he  wrote  an 
excellent  opinion  that  the  ideal  aero- 
sol therapy  is  the  clinician  having  a 


1332 


Rf:sp!Ratory  Cari^  •  November  2002  Vol  47  No  1 1 


Economic  Aspects  oi-  Inirodlicinc.  Ni;w  Nhbui  i/i:k  Ticiinoixkiv 


clear  understanding  what  the  physi- 
cian wants — picking  the  right  device 
with  the  right  medicalii)n.  the  right 
deposition,  and  the  right  time.'  I  think 
that  is  a  I'ornuila  tor  success.  Linlor- 
tunately,  1  don"t  see  that  happening. 
It"s  whatever  the  puichasing  agent  can 
negotiate  this  month  tor  the  nebuii/er, 
and  v\iio  has  tlie  lowest  generic  cost. 
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Geller:  I  want  to  comment  on  the 
conipartmentali/ation  of  budgets.  r\e 
got  a  couple  of  examples  that  show 
how  compartmentali/ed  budgets  can 
coiitlict  with  each  other  and  interfere 
with  delivering  the  best  therapy  for 
the  patient.  One  is  that  on  some  state 
levels  there's  state  funding  for  in-pa- 
tients and  a  different  organization  of 
the  state  budgets  for  out-patients.  So 
if  you  have,  say,  a  device  you  want  to 
presciibe  to  a  patient  to  keep  them  out 
of  the  hospital,  that  may  not  be  cov- 
ered by  the  out-patient  guys  because 
it  costs  a  lot  of  money.  For  example, 
the  chest  physiotherapy  Vest  for  a  mus- 
cular dystrophy  patient,  which  costs 
several  thousand  dollars,  is  not  cov- 
ered by  Florida  Medicaid,  but  it  might 
be  effective  at  preventing  more  costly 
hospitalization.  They  don't  care  be- 
cause they  aren't  the  in-patient  side; 
they're  the  out-patient  side. 

Another  example  is  the  hospital  bud- 
geting, which  goes  by  department.  When 
an  asthmatic  comes  in,  you  want  to  pre- 
scribe an  inhaled  steroid  for  them  as  an 
out-patient,  but  you  want  them  to  get 
the  device  in  the  hospital  so  you  can 
teach  them  how  to  use  it  correctly.  From 
the  hospital's  point  of  view,  using  MDIs 
or  dry  powder  inhalers  costs  them  a  lot 
of  money  for  only  one  day's  worth  of 
use.  However,  the  patient  learns  how  to 
use  it  correctly  and  maybe  stays  out  of 
the  hospital  the  next  time.  So  the  global 
economics  sometimes  conflict  with  the 
microeconomics  of  the  situation.  That's 
frustrating. 


Diiiine:  And  I  think  that's  going  to 
ha\e  lo  be  challenged  il  we're  going 
to  be  able  to  redesign  the  health  care 
delivery  system.  The  system  as  it  is 
right  now  is  not  going  to  be  able  to 
sustain  itself.  As  a  small  employer  1 
can't  handle  a  2.'^-,^0%-a-year  increase 
in  health  insurance  premiums.  So  the 
employers  are  being  activated.  There' s 
going  to  have  to  be  some  change  in 
that  myopic,  provincial  thinking. 

Hess:  I'd  like  to  back  up  to  some- 
thing that  Joe  I  Raul  brought  up  that 
we  haven't  talked  much  about  yet  at 
this  conference.  It  has  to  do  with  the 
issue  of  caregiver  protection,  which  I 
think  is  going  to  become  increasingly 
of  concern  as  newer  agents  become 
available.  I  can  tell  you  that  some  of 
our  respiratory  therapists  are  very  con- 
cerned about  aerosolizing  tobramycin 
and  amphotericin  and  colistin.  We  re- 
cently did  some  room  sampling,  and 
the  aerosol  particles  are  in  the  room. 
And  the  particle  sizes  are  those  that 
get  breathed  into  the  lower  respiratory 
tract.  Something  that  I  think  we  might 
talk  about  at  this  conference  is  what 
we  do  about  that.  We  know  that  it  can 
be  an  issue  with  something  as  simple 
as  albuterol,  as  Joe  brought  up.  What 
about  some  of  these  other  agents'? 

O'Riordan:  We  did  some  work  with 
pentamidine  a  couple  of  years  ago,  and 
we  found  that  some  of  the  nurses  who 
were  administering  the  treatinent  had 
pentamidine  urine  levels  that  over- 
lapped those  of  some  of  the  patients, 
in  terms  of  the  dose,  and  there  was  no 
relationship  between  the  number  of  pa- 
tients treated  and  the  level  in  that  par- 
ticular health  care  provider.  Some  peo- 
ple who  had  very  poor  technique  and 
very  poor  supervision  of  their  patients 
had  very  high  levels,  and  other  people 
who  were  very  ';areful  had  very  low 
levels,  though  they  treated  more  pa- 
tients. So  we  have  some  expertise  in 
this  area  from  the  pentamidine  days, 
and  those  data  are  probably  applica- 
ble to  the  new  agents  as  well. 


Dunne:  1  would  hope  that  there  will 
be  greater  awareness  in  the  respira- 
tory therapy  community  about  aerosol 
therapy.  It's  not  Just  a  ho-hum.  mun- 
dane unilertaking.  That's  the  challenge 
that  1  think  we're  all  lacing. 

Dolovith:  1  think  it's  a  story  not 
only  for  therapeutic  aerosols,  but  for 
diagnostic  aerosols  as  well.  When 
you're  doing  methacholine  challenges 
all  day,  you  are  exposed  to  the  ex- 
haled challenge  aerosol.  In  Canada  we 
place  a  filter  on  the  exhalation  side  to 
protect  the  respiratory  therapist. 

Fink:*  Harkening  back  to  the  days 
of  ribavirin  and  double-containment 
tent  systems  as  exceptionally  expen- 
sive efforts  to  keep  environmental  and 
second-hand  exposure  to  a  minimum, 
it  is  clear  that  the  small  added  expense 
of  adding  a  filter  on  the  exhalation 
side  of  a  slightly  more  expensive  aero- 
sol system  can  dramatically  reduce 
second-hand  aerosol  exposure.  It  is 
much  more  cost-effective  to  contain 
the  aerosol  at  the  device  than  to  try  to 
protect  all  the  individuals  in  or  out  of 
the  vicinity  from  aerosol  exposure. 

Rubin:  And  it's  not  just  exposure 
of  the  individual.  Anybody  who  works 
in  an  intensive  care  unit  or  with  chron- 
ically ill  people  knows  the  specter  of 
drug  resistance.  One  of  the  best  ways 
to  develop  drug-resistant  microorgan- 
isms is  to  expose  microorganisms  in 
the  environment  to  subtherapeutic  lev- 
els of  antibiotics,  which  is  exactly  what 
you  do  when  you  release  aerosolized 
tobramycin  or  other  antibiotics  into  the 
aiTibient  air  at  levels  far  less  than  what 
you're  delivering  to  the  patient's  air- 
ways. 


Hess:       That's  the  issue.  That  really 
is  the  issue. 
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Summary 


This  review  outlines  regulatory  issues  involved  in  bringing  new  nebulizer  technologies  to  market 
and  describes  the  regulatory  roles  of  the  Center  for  Devices  and  Radiologic  Health  and  the  Center 
for  Drug  Evaluation  and  Research.  The  responsible  agency  is  determined  by  whether  a  new  device 
involves  a  new  drug  formulation.    |Respir  Care  2002;47(1 1):  1334-1336] 


Regulatory  Responsibilities 

Ordinarily,  an  application  supporting  the  approval  of  a 
new  nebulizer  would  be  re\iev*.ed  bs  the  Center  for  De- 
vices and  Radiologic  Health  (CDRH)  under  section  51()(k) 
of  the  Food.  Drug,  and  Cosmetics  Act.  under  which  a 
nebulizer  is  a  class  II  device.  This  means  that  the  appli- 
cation must  demonstrate  that  the  new  device  is  substan- 
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tially  similar  to  a  previously  available  product  tcalled  a 
"predicate"  device)  in  its  performance  and  other  key  at- 
tributes. 

How  ever,  there  has  been  increasing  development  of  novel 
nebulization  systems  that  require  specific  drug  t'orinula- 
tions.  w ith  or  without  specific  containers  (eg,  a  cartridge 
that  is  sold  only  for  and  fits  only  in  the  de\ice  being 
developed).  Often  these  formulations  and  containers  are 
not  otherwise  approved  and  available.  When  a  new  nebu- 
lizer requires  the  development  of  a  new  drug/de\  ice  prod- 
uct (ie.  the  specific  formulation  and/or  its  unique  contain- 
er), the  regulation  of  the  new  drug/device  combination 
would  ordinarily  occur  through  the  Center  for  Drug  Eval- 
uation and  Research  (CDER)  under  the  New  Drug  Appli- 
cation regulations. 

This  re\  iew  does  not  specifically  address  biologic  prod- 
ucts administered  \ia  nebulization;  generally  such  prod- 
ucts and  their  administration  systems  would  be  reviewed 
through  the  Center  for  Biologies  Evaluation. 

E.\ani[iles 

•  A  pharmaceutical  companv  dc\ek)ps  a  hand-held  neb- 
ulizer to  deliver  a  unique  formulation  of  ipratropium  bro- 
mide.' Because  the  product  does  not  use  available  unit- 
dose  nebules  of  ipratropium,  but  instead  contains  a  unique 
formulation,  it  would  be  considered  a  new  drug/device 
combination  and  would  ordinarily  be  developed  and  re- 
viewed under  CDER  and  drug  regulations.  From  a  regu- 
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latorv  standpoint  this  is  similar  to  how  new  metered-dose 
inhalers  (MDIs)  and  dry-powder  inhalers  (DPI)  are  treated. 

•  A  new  nebuhzer  technology  is  developed  to  deliver 
medication  from  standard  plastic  iniit-dose  vials.  Such  a 
new  device  would  be  handled  by  CDRH  under  the  SlOlk) 
regulation,  since  no  new  drug  product  would  be  devel- 
oped. This  example  assumes  the  new  device  is  intended  to 
administer  the  drug  in  a  manner  consistent  with  instruc- 
tions in  the  drug  label  and  that  there  is  no  claim  of  unique 
clinical  benefit  from  the  drug  administered  via  the  new 
device. 

•  A  new  nebulizer  is  intended  to  be  used  with  an  exist- 
ing marketed  drug,  but  the  new  nebulizer  uses  a  different 
amount  of  drug  than  indicated  in  the  marketed  drug's  label 
instructions.  In  this  instance  the  labeling  of  the  marketed 
drug  would  need  to  be  changed,  and  the  product  would  be 
a  combination  product  (see  the  United  States  Code  of  Fed- 
eral Regulations,  at  21  CFR  3.2(e)(3)).-  Because  the  pri- 
mary mode  of  action  of  the  combination  product  is  as  a 
drug,  CDER  would  normally  be  the  agency  with  primary 
jurisdiction  over  the  combination  product. 

Regulatory  Pathways 

Center  for  Devices  and  Radiologic  Health 

Chapter  2 1  of  the  Code  of  Federal  Regulations  contains 
all  the  rules  by  which  the  United  States  Food  and  Drug 
Administration  (FDA)  implements  the  Food,  Drug,  and 
Cosmetics  Act,  which  is  the  law  that,  in  part,  authorizes 
the  FDA  to  regulate  new  drugs  and  devices.  These  regu- 
lations are  binding  on  the  industry  as  well  as  the  FDA.  The 
regulatory  definition  of  a  nebulizer  (21  CFR  868.5630) 
reads: 

a)  Identification.  A  nebulizer  is  a  device  intended  to 
spray  liquids  in  an  aerosol  form  into  gases  that  are 
delivered  directly  to  the  patient  for  breathing. 
Heated,  ultrasonic,  gas.  venturi.  and  refiUable  nebu- 
lizers are  included  in  this  generic  type  of  device. 

As  such,  products  meeting  that  general  definition  that 
are  able  to  use  existing,  marketed  drug  formulations  in  a 
manner  consistent  with  the  labeling  of  the  formulations 
would  be  reviewed  under  the  device  law  and  regulations. 
Nebulizers  are  generally  regarded  as  fitting  under  section 
510(k),  under  which  the  sponsor  must  show  that  the  device 
is  substantially  equivalent  to  a  predicate  device  (ie,  a  pre- 
viously marketed  nebulizer).  The  focus  of  the  application 
and  of  its  review  is  the  in  vitro  characterization  of  the 
nebulizer  and  its  output  and  the  comparison  of  the  in  vitro 
data  to  those  of  the  predicate  device.  Device  performance 
elements  that  must  be  studied  and  presented  in  the  appli- 
cation include  in  vitro  testing  that  focuses  on  comparative 


characterization  of  aerosol  emitted  from  the  mouthpiece, 
including  total  mass  emitted,  mass  median  aerodynamic 
diameter,  geometric  standard  deviation,  and  particle  size 
distribution.  Biocompatibility  testing  of  the  materials  may 
also  apply. 

Characterization  data  supporting  a  new  nebulizer  are 
usually  acquired  via  in  vitro  studies  done  under  nonclini- 
cal "Good  Laboratory  Practice"  conditions.  The  resulting 
reports  should  detail  the  protocols  and  instruments  used, 
the  validation  used,  and  any  statistical  and  clinical  consid- 
erations for  these  tests. 

Center  for  Drug  Evaluation  and  Research 

If  a  new  nebulizer  is  considered  a  new  drug/device  com- 
bination, it  would  ordinarily  be  reviewed  by  CDER,  since 
the  primary  mode  of  action  is  as  a  drug.  Relevant  drug 
laws  and  regulations  are  found  in  section  505  of  the  Food, 
Drug,  and  Cosmetics  Act  and  in  21  CFR  312  and  314.  In 
this  case  there  is  no  requirement  that  the  nebulizer  be 
equivalent  to  a  predicate  nebulizer.  As  stated  above,  the 
development  and  review  for  such  a  product  would  be  very 
similar  to  review  of  a  new  MDl  or  DPI.  Though  it  is 
possible  that  the  entire  application  would  be  reviewed  by 
CDER  staff,  depending  on  the  complexity  and  novelty  of 
the  device  proposed,  some  aspects  of  the  device  review 
may  be  consulted  to  CDRH,  including  electronic  circuitry, 
software,  or  other  novel  aspects. 

Though  it  is  beyond  the  scope  of  this  review  to  detail 
the  expectations  for  a  development  program  for  a  new 
nebulizer  (representing  a  new  drug/device  combination), 
the  general  elements  that  would  need  to  be  addressed  in  a 
New  Drug  Application  for  such  a  device  include: 

•  Full  characterization  of  performance  in  vitro 

•  In  vitro  ruggedness  testing;  life-cycle  performance  test- 
ing 

•  Pharmacokinetics  and  pharmacodynamics  data  with 
the  "to-be-marketed"  device  (ie,  the  device  used  in  late- 
phase  studies  should  be  substantially  the  same  in  perfor- 
mance and  important  features  as  that  proposed  for  mar- 
keting) 

•  Efficacy  and  safety  data  with  the  to-be-marketed  device 

•  Performance  in  clinical  studies,  including  testing  of 
devices  returned  for  failure  and  testing  of  a  portion  of 
devices  at  end  of  trial  for  in  vitro  performance 

Summary 

New  nebulizer  technologies  may  be  reviewed  by  CDRH. 
CDER,  or  both,  depending  on  the  specifics  of  the  device, 
its  novelty,  and  whether  it  requires  a  new  drug  formulation 
or  container.  Whether  developed  and  reviewed  uniler  the 
device  regulations  or  the  new  drug  regulations,  sponsors 
must  adequately  characterize  the  device  performance  to 
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assure  its  characteristics  and  attributes,  and.  in  some  cases, 
to  assure  its  performance  over  time. 

For  those  seeking  more  information,  there  are  a  number 
of  helpful  Web  pages: 

For  general  issues  related  to  CDRH  review  of  nebuliz- 
ers: http://www.fda.gov/cdrh/ode/784.html 

For  issues  related  to  incorporation  of  software  into  de- 
vices: www.fda.gov/cdrh/ode/57.html 

For  general  issues  related  to  MDls  and  DPIs.  much  of 
which  may  be  useful  to  a  new  device/drug  combination: 
http://www.fda.gOv/cder/guidance/2 1 80dft.htm 


For  issues  related  to  new  drugs  for  nebulization:  http:// 
www.fda.gov/cder/guidance/42.^4fnl.htm 
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Drus  Dt'livcrv  to  the  I.iing.  H;ins  Bisg;uird 
MU  \>hD.  Chris  O'Callaiihan  B  Med  Set 
PhD  DM.  and  Gerald  C  Smaldone  MD  PhD, 
editors.  (Liins!  Biolngy  in  Health  and  Dis- 
ease. Volume  162.  Claude  Lenfant.  Execu- 
tive Editor.)  New  York/Basel:  Marcel  Dek- 
ker.  20()2.  Hard co\ er.  Illustrated.  5 1 1  pages. 

In  respirator  care  a  large  proportion  of 
the  ser\ ices  we  provide,  from  the  home  to 
the  intensive  care  unit,  involves  administra- 
tion of  medical  aerosols.  In  terms  of  f'omial 
education,  rcspiratoiy  therapists  receive  sev- 
eral-fold more  fomial  training  in  aerosol 
therap)  than  the  vast  majority  of  physicians, 
nurses,  and  pharmacists.  This  has  led  to  the 
rcspiratorv  therapist  being  seen  by  the  mul- 
tidisciplinan  team  as  the  member  with  the 
most  aerosol-specific  expertise.  That  said, 
comprehensive  textbooks  of  respiratory  care 
devote  less  than  5%  of  their  pages  to  the 
topic  of  aerosols,  which  is  a  slim  volume  of 
information  on  which  to  hang  one's  hat  as 
an  "aerosol  expert."  To  meet  our  obliga- 
tions to  the  team  and  our  patients,  respira- 
tory therapists  need  considerably  more  in- 
formation on  aerosols  than  our  basic 
respiratory  curricula  provide.  Unfortunately, 
textbooks  of  aerosol  science  more  frequently 
target  the  engineer,  toxicologist,  or  environ- 
mental scientist  than  the  respiratory  or  med- 
ical clinician.  So  when  3  physicians  with 
world-class  credentials  in  aerosol  medicine 
joined  forces  to  edit  a  comprehensive  aero- 
■sol  text,  it  is  only  natural  to  hope  that  this 
could  be  the  clinically  oriented,  authorita- 
tive text  that  we  have  been  waiting  for.  In 
this  ca,se.  the  reality  has  exceeded  the  ex- 
pectation. 

Drug  Delivery  to  the  Lung  is  the  162nd 
volume  in  the  Lung  Biology  in  Health  and 
Disease  series  edited  by  Claude  Lenfant. 
according  to  whom  this  text  is  "aimed  at 
clinicians,  nurses,  and  respiratory  therapists 
interested  in  the  role  of  aerosol  delivery  for 
optimal  management  of  lung  disea.se"  to  act 
as  a  bridge  between  basic  aerosol  science 
and  good  clinical  practice  in  the  treatment 
of  lung  disease. 

The  content  was  "inspired  by  a  debate 
between  the  authors,  with  the  editors  serv- 
ing as  referees."  This  is  borne  out  in  each  of 
the  14  chapters  written  by  clinicians  and 
aerosol  scientists,  typically  from  different 


institutions,  who  have  extensively  published 
seminal  research  on  their  respective  topics. 
The  result  is  a  dynamic  and  authoritative 
text  thai  is  both  comprehensive  and  acces- 
sible. 

The  text  begins  with  a  history  of  inhaled 
drug  therapy  (Chris  O'Callaghan,  Ola  Ne- 
brink.  and  Mika  Vidgren).  which  traces  the 
progression  of  inhalation  therapy  from 
smoking  the  leaves  of  Ihe  At)  opa  belladimita 
plant  (2,000  BC)  to  Potter's  asthma  ciga- 
rettes (circa  1 8 10)  and  the  first  portable  neb- 
ulizer (I860)  to  the  modem  electric  com- 
pressor/nebulizer of  the  1940s  and  the  first 
pressurized  metered-dose  inhalers  (pMDIs) 
(1934).  The  authors  provide  a  chronology 
of  device  innovation  and  applications  that 
have  greatly  increased  over  the  last  50  years. 

The  chapter  on  basic  principles  of  parti- 
cle behavior  in  the  human  respiratory  tract 
(Joachim  Heyder  and  Magnus  Svartengren) 
describes  the  human  respiratory  tract  as  an 
aerosol  filter,  the  efficiency  of  which  de- 
pends on  the  physicochemical  properties  of 
the  inspired  particles,  the  breathing  pattern, 
the  airway  morphology,  the  mode  of  breath- 
ing (nasal  or  oral),  and  the  distribution  of 
particles  in  the  inspired  air.  The  develop- 
ments of  the  last  2  decades  in  experimental 
determination  of  particle  deposition  and 
methods  for  predicting  deposition  are  re- 
viewed. 

"Structure  and  Function  of  the  Respira- 
tory Tract;  Developmental  Aspects  and 
Their  Relevance  to  Aerosol  Therapy,"  writ- 
ten by  Janet  Stocks  and  Alison  Hislop.  pro- 
vides a  comprehensive  aerosol-centric  view 
of  the  airways  and  the  developmental 
changes  with  age.  maturity,  and  disease  in 
airway  structure  and  function  that  can  affect 
aerosol  therapy. 

"In  Vitro  Testing  of  Pharmaceutical 
Aerosols  and  Predicting  Lung  Deposition 
from  in  Vitro  Measurements."  by  Andy 
Clark  and  Lars  Borgstrom.  gives  a  clear  and 
detailed  explanation  of  aerosol  character- 
ization techniques,  both  in  vitro  and  in  vivo, 
with  an  extensive  discussion  of  issues  and 
limitations  specific  lo  nebulizers.  pMDIs. 
and  dry-powder  inhalers.  The  literature  de- 
scribing model  predictions  and  in  vitro/in 
vivo  correlations  specific  to  nebulizers. 
pMDIs.  and  dry-powder  inhalers,  in  vitro 


versus  in  vivo  variability,  and  the  effect  of 
lung  disease  are  described. 

"Factors  Affecting  the  Clinical  Outcome 
of  Aerosol  Therapy."  by  Eric  Dcrom  and 
Lars  Thorsson.  reviews  the  background,  im- 
pact on  clinical  outcome,  and  clinical  rele- 
vance of  the  formulation;  patient  preference; 
patient  compliance;  pharmacodynamic  and 
pharmokinetic  properties  of  the  inhaled 
drug;  handling  and  maintenance  of  the  in- 
haler; relationship  between  pulmonary  dep- 
osition and  clinical  effect;  extrathoracic  dep- 
osition; adverse  effects:  systemic  effects; 
and  cost  effectiveness. 

"In  Vivo  Measurements  of  Lung  Dose," 
by  Mark  Everard  and  Myma  Dolovich,  de- 
scribes pharmacokinetic  and  imaging  tech- 
niques (pkmar  y  scintigraphy,  single  photon 
emission  computerized  tomography,  and 
positron  emission  tomography)  in  sufficient 
detail  to  appreciate  the  key  issues,  methods, 
and  relative  merits  of  each  technique. 

"Targeting  the  Lungs  with  Therapeutic 
Aerosols."  by  Pieter  Zanen  and  Beth  Laube. 
explores  the  effect  of  particle  size,  inspira- 
tory flow,  and  inhaled  volume  on  the  fate  of 
inhaled  drugs.  The  preferred  sites  and  tar- 
gets of  administration  of  specific  drugs  are 
described,  along  with  the  clinical  impact  of 
altering  the  key  variables,  and  considered 
separately  for  pMDI,  dry  powder  inhaler, 
and  nebuli/er.  The  chapter  concludes  with 
discussion  of  targeting  the  lungs  during  nose 
breathing,  delivery  through  constricted  air- 
ways, and  delivery  to  various  age  groups. 

"Nebulization;  the  Device  and  Clinical 
Considerations."  by  Gerald  Smaldone  and 
Peter  LeSouef  focuses  on  the  methods  of 
characterizing  aerosol  output  and  inhaled 
mass,  and  predicting  lung  deposition,  with 
detailed  description  of  in  v  itro  measurement 
techniques  for  adult  and  pediatric  breathing 
patterns,  and  in  vitro  models  for  mechanical 
ventilation. 

"New  Nebuli/er  Technology."  by  John 
Dennis  and  Ola  Nerbrink.  provides  a  tour  of 
new  and  emerging  aerosol  technologies, 
with  an  excellent  overview  of  the  European 
standard  on  in  vitro  assessment  of  nebulizer 
pertormance. 

Three  chapters  are  dedicated  to  the  pMDI. 
"The  Metered-Dose  Inhaler."  by  Chris 
O'Callaghan  and  Paul  Wright,  describes  the 
form,  function,  and  pcrti)rmancc  of  pMDIs, 
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breath-actuated  variants,  and  new  inhalers 
that  do  ru>t  use  chlorofluorocarbons.  This  is 
followed  by  a  chapter  on  propellants.  by 
Martyn  Partridge  and  Ashley  Woodcock, 
which  tells  the  story  of  global  wanning,  the 
Montreal  protocol,  and  the  intricacies  of  de- 
veloping the  more  en\  ironnient-friendly 
non-chlorofluorcx.arbon  propellants.  "Spac- 
er Devices."  by  Hans  Bisgaard.  Jacob  An- 
hoj.  and  Johannes  Wildhaber.  thoroughly 
describes  the  purpose,  design  features  and 
use  of  pMDIs  and  their  spacers  and  valved 
holding  chambers,  as  used  with  adults,  ne- 
onates, and  ventilated  patients. 

"Dry  Powder  Inhalers,"  by  Lars  Borg- 
strbm.  Hans  Bisgaard,  Chis  O'Callaghan, 
and  Soren  Pedersen,  discusses  the  princi- 
ples of  dry  powder  formulation,  how  the 
p;irticles  are  generated  at  inhalation,  and  the 
implications  of  resistance  for  tlie  quaUty  of 
aerosol  generated. 

The  book  concludes  with  the  chapter 
"Compliance  with  Asthma  Medication."  by 
Michael  Hyland  and  Cynthia  Rand,  which 
differentiates  unintentional  noncompliance 
(forgetting,  instructional  problems,  device 
and  technique  problems,  and  respiratory  in- 
sensitivityl  from  intentional  noncompliance 
(reasoned  action/treatment  burden,  health 
and  illness  beliefs,  self  perception/denial, 
coping  styles,  and  drug  holiday).  Methods 
to  diagnose  noncompliance  are  explored,  in- 
cluding following  clinical  outcomes,  asking 
questions  and  listening,  tracking  broncho- 
dilator/prophylactic  ratio,  and  using  elec- 
tronic monitors. 

The  book  is  attractively  bound,  showing 
little  signs  of  wear  after  rather  heavy  read- 
ing and  referencing.  There  is  good  consis- 
tency of  writing  styles  and  illustrations 
across  chapters.  The  progression  of  mate- 
rial develops  well  through  the  chapters,  with 
many  concepts  presented  first  in  a  broad 
overview  and  then  explored  in  greater  detail 
in  subsequent  chapters.  This  makes  for  a 
giwd  cover-to-co\  er  read. 

Unfortunately,  it  is  not  quite  so  easy  to 
spot-reference.  The  subject  index  (6  pages) 
is  a  bit  light  and  inconsistent  ci)mpared  to 
the  extensive  27-page  author  index.  For  ex- 
ample, the  index  hsts  mechanical  ventila- 
tion in  the  nebulizer  chapter,  but  not  in  the 
chapter  on  spacers,  where  it  was  also  dis- 
cussed. 

This  book  will  not  tell  you  which  device 
to  use  or  how  to  use  it  in  your  day-to-day 
practice,  but  it  will  arm  clinicians  with  the 
knowledge  necessary  to  critically  evaluate 
research  and  clinical  outcomes  to  review 


and  select  the  best  device  for  each  specific 
situation. 

Drug  Delivery  to  the  Lung  is  a  must  for 
ad\  anced  practitioners,  researchers,  and  ed- 
ucators who  need  lo  understand  and  explain 
the  methods  and  techniques  asstxiated  with 
measurements  and  administration  of  medi- 
cal aerosols.  It  should  be  required  reading 
for  all  graduate-level  therapist  training  pro- 
grams as  well  as  pulmonary  clinical  nurse 
practitioner  and  pulmonary  fellow  training 
programs. 

James  B  Fink  MSc  RRT  FAARC 

Aerogen  Inc 
Mountain  View,  California 

Airway  Remodeling.  Peter  H  Howarth.  Jon 
W  Wilson.  Jean  Bousquet.  Sabina  Rak.  and 
Romain  A  Pauwels.  editors.  (Lung  Biology 
in  Health  and  Disease,  Volume  155,  Claude 
Lenfant,  Executive  Editor.)  New  York/ 
Basel:  Marcel  Dekker.  2(X)1.  Hard  cover, 
illustrated.  293  pages.  $175. 

Airway  Remodeling  is  the  155th  vol- 
ume of  the  Lung  Biology  in  Health  and 
Disease  series.  This  series,  edited  by  Claude 
Lenfant,  Director  of  the  National  Heart. 
Lung,  and  Blood  Institute,  is  unique  in  pro- 
viding scholarly  reviews  at  regular  intervals 
on  topics  in  the  pathology,  physiology,  and 
treatment  of  airway  and  parenchymal  lung 
diseases.  Books  in  this  series  are  edited  by 
authoritative  experts  in  the  field,  and  this 
volume  is  no  exception. 

The  temi  "airway  remodeling"  has  gained 
increased  use  over  the  past  5-10  years.  The 
editors  ascribe  the  first  use  of  the  term  to 
Bousquet  et  al  in  1992.  although  Dr  Lenfant 
points  out  in  his  preface  that  "remodeling" 
has  been  used  as  a  descriptive  term  in  lung 
development  and  in  pulmonary  vascular  bi- 
ology since  the  1960s  and  70s.  The  intro- 
duction of  the  term  "airway  remodeling" 
has  led  to  some  confusion.  Some  authors 
initially  chose  to  use  the  term  to  describe 
collagen  deposition  in  the  airway,  but  most 
recently  it  has  been  used  more  expansively, 
as  a  summary  term  for  multiple  pathologic 
abnormalities  in  the  airway  epithelium  and 
submucosa.  So  it  is  useful  that  the  title  of 
the  first  chapter  begins  "What  Does  Airway 
Remodeling  Mean'.*"  in  which  the  authors 
provide  a  clear  definition. 

The  book's  target  audience  is  specialists 
in  pulmonary  and  critical  care  medicine  as 
well  as  MD  and  PhD  scientists  with  an  in- 
terest in  airw  ay  remodeling.  For  those  groups 
the  book  provides  a  valuable  sumnuuy  of 


recent  data  and  a  useful  of  overview  of  the 
state  of  the  art.  Other  more  clinically  ori- 
ented groups  such  as  respiratory  therapists 
will  probably  find  the  material  in  this  book 
less  useful  for  their  clinical  practice,  but 
given  the  frequent  use  of  the  term  on  rounds, 
nonphysician  health  care  professionals  will 
find  the  book  a  useful  reference  in  which  to 
learn  more  about  what  can  be  a  confusing 
topic.  In  particular,  they  will  enjoy  Bjom 
Jonson"s  chapter  on  the  physiologic  conse- 
quences of  airway  remodeling,  and  they  will 
also  be  interested  in  Peter  Howarth's  re- 
view of  the  effects  of  asthma  U-eatment  on 
remodeling. 

The  organization  of  this  book  is  similar 
to  others  in  the  Lung  Biology  in  Health  and 
Disease  series.  It  is  similar  in  size  to  a  hard- 
back novel,  the  chapters  are  relatively  short 
and  subdivided  by  section  headings,  and 
most  chapters  make  effective  use  of  tables 
and  figures.  The  result  is  a  book  that  is  not 
daunting  to  pick  up  and  is  easy  to  read  and 
explore.  However,  the  book  is  expensive 
($175),  so  many  potential  readers  may  have 
to  access  it  via  their  institutional  library 
rather  than  buy  it  for  themselves. 

Airway  Remodeling  is  divided  into  16 
chapters  that  provide  concise  reviews  of  im- 
portant elements  of  remodeling,  including 
chapters  on  smooth  muscle,  collagen  depo- 
sition. va.scular  remodeling,  and  airway  in- 
nervation. There  are  also  chapters  devoted 
to  eosinophils  and  macrophages,  which  are 
thought  to  be  important  effector  cells  in  the 
pathophysiology  of  remodeling. 

Perhaps  inevitably  in  a  book  that  seeks 
to  limit  its  scope.  1  found  some  omissions. 
The  relationship  between  infiammation  and 
remodeling  is  alluded  to  in  seseral  chapters 
but  is  not  tackled  directly  and  perhaps  ct)uld 
have  been  the  topic  of  a  separate  chapter.  In 
addition,  the  consequences  of  remodeling 
are  explored  in  2  chapters,  but  neither  really 
address  the  mechanisms  by  which  the  re- 
modeled airways  might  contribute  to  acute 
airway  narrowing  during  asthma  exacerba- 
tions (as  distinct  from  chronic  air%vay  nar- 
rowing). ALso.  the  chapter  on  animal  mod- 
els, by  Johan  Kips  et  al.  confined  its  remarks 
to  discussions  of  horse,  cat,  and  rodent  mod- 
els of  asthma,  without  any  discussion  of 
other  useful  models  such  as  sheep,  monkey, 
and  dog.  Finally,  there  are  chapters  on  eo- 
sinophils and  macrophages,  but  it  was  quite 
surprising  that  there  was  no  chapter  on  the 
role  of  the  CD4-H  T-lymphocyte.  Although 
the  role  of  Th2  (T  helper)  cytokines  is  men- 
tioned in  several  chapters,  the  data  that  in- 
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dicale  Ihc  central  role  ofCD4  T  cells  in  the 
pathogenesis  ot  airway  remodeling  in 
asthma  are  compelling  and  in  my  opinion 
warranted  a  chapter.  But  these  criticisms  do 
not  greatly  diminish  the  \  alue  of  this  book. 
Interest  in  remodeling  is  intense  and  research 
is  advancing  knowledge  rapidK.  This  book 
provides  a  \ery  good  o\er\ iew  of  cunent 
knowledge  and  will  be  a  useful  and  com- 
pact source  of  information  about  this  com- 
plex topic. 

John  V  Fahy  MD 

Pulmonary  and  Critical  Care  Division 

University  of  California.  San  Francisco 

San  Francisco.  California 

Severe  Asthma:  Pathogenesis  and  Clini- 
cal Management.  2nd  edition.  Stanley  J 
S/eller  and  Donald  YM  Leung,  editors. 
(Lung  Biology  in  Health  and  Disease,  Vol- 
ume 159.  Claude  Lenfant.  Executive  Edi- 
tor. )  New  York/Basel:  Marcel  Dekker.  200 1 . 
Hard  cover,  illustrated.  673  pages,  S225. 

This  te,\t  is  about  asthma — mainly  se- 
vere asthma — but  it  covers  a  lot  of  core 
material  for  anyone  interested  in  asthma 
pathogenesis  and  management.  Part  One 
covers  pathophysiology,  with  an  emphasis 
on  the  inflammatory  process.  Part  Two  cov- 
ers phamiacology.  and  the  tlnal  part  is  di- 
rected more  specifically  at  management  is- 
sues. The  authors  are  leading  authorities  in 
their  respective  fields. 

The  book  is  directed  at  clinicians  who 
have  a  special  interest  in  asthma  and  its 
management,  largely  from  a  medical  model. 
There  is  little  emphasis  on  other  team  mem- 
bers, although  the  role  of  the  psychologist 
in  assessing  childhood  asthma  is  empha- 
sized. 

The  early  chapters  are  thorough  and  ap- 
ply to  all  aspects  of  asthma,  not  just  severe 
disease.  Genetics  is  well  covered,  although 
about  18  months  out  of  date.  gi\en  the  ex- 
plosion of  publications  in  that  subject.  Air- 
way wall  remcxleling  is  covered  thoroughly, 
although  the  material  is  descriptive  in  con- 
tent as  we  have  little  outcome  data  on  that 
topic.  The  molecular  aspects  of  steroid  ac- 
tion are  covered  and  referred  to  again  later 
in  the  chapter  on  steroid-resistant  asthma. 
Aggravating  factors  in  asthma  are  reviewed 
in  major  chapters  on  gastroesophageal  re- 
flux, upper  airway  diseases,  and  aspirin- 
sensitive  asthma.  The  chapter  on  infection 
as  a  cause  of  asthma  is  somewhat  out  of 
date,  as  the  ChUmixiiui  i>nciiimmkie  story 
has  progres.sed  w  ith  the  publication  of  man- 


agement studies  that  do  not  seem  to  support 
treating  this  condition  as  a  means  of  im- 
proving asthma  status.  The  chapter  on  mon- 
itoring of  asthma  is  useful  and  puts  sputum 
cytology  and  exhaled  nitric  oxide  into  con- 
text w  ilh  more  traditional  tests  such  as  bron- 
chial responsiveness  testing,  although  more 
detail  about  hypertonic  saline  challenge 
would  have  been  helpful.  Steroid  adverse 
effects  are  thoroughly  covered,  including 
growth  suppression  in  childhood  and  osteo- 
porosis in  adults.  Chapter  23.  "Management 
of  Severe  Asthma."  might  have  been  more 
useful  if  it  had  integrated  a  little  more  thor- 
oughly someof  theearliermaterial — the  bot- 
tom line  is  that  managing  severe  asthma  is 
difficult,  which  will  come  as  no  surprise  to 
readers!  The  editors  wrote  the  final  2  chap- 
ters, in  which  there  is  a  strong  emphasis  on 
early  diagnosis  and  adequate  treatment  early 
on  in  the  disease  to  prevent  airway  remod- 
eling and  the  development  of  fixed  airway 
obstruction.  The  need  for  national  strategies 
to  improve  the  diagnosis  and  management 
of  childhood  asthma  is  emphasized. 

Like  most  books  in  this  series,  this  one  is 
as  up  to  date  as  possible  and  contains  an 
excellent  bibliography,  index,  and  author  in- 
dex. The  use  of  illustrations  is  limited,  which 
can  make  the  text  heavy-going,  and  the  qual- 
ity of  the  computed  tomography  scans  is 
less  than  ideal,  which  weakens  chapter  12. 

On  balance,  this  is  a  useful  book  and  will 
be  of  interest  to  clinicians  who  struggle  with 
patients  who  suffer  severe  asthma.  Pul- 
monology  residents  in  training  should  put 
this  on  their  list  t)f  required  reading. 

Ian  Town  MBChB  DM 

Office  of  the  Dean 

Chrislchurch  School  of  Medicine 

Christchurch.  New  Zealand. 

Asthma:  Stop  Suffering,  Start  Living.  3rd 

edition.  M  Eric  Gershwin  MD  and  EL  Klin- 
gelhofer  PhD.  Cambridge.  Massachusetts: 
Perseus  Publishing.  2001.  Soft  cover,  illus- 
trated. 262  pages.  SI 7. 

Asthma:  Stop  Suffering,  Start  Living 
is  a  book  that  is  easily  read  and  pro\  ides  a 
basic  foundation  on  asthma  and  allergies. 
Throughout  the  text,  brief  case  histories  are 
tied  in.  Tables,  algorithms,  and  references 
to  other  parts  of  the  book  enhance  under- 
standing of  the  material.  One  example  in 
which  this  is  lacking  is  the  reference  to  FEV 
(forced  expiratory  volume).  When  referred 
to  go  to  Page  6S.  there  is  no  text  regarding 
FEV,  which  should  probably  be  FEV,. 


The  authors  intended  this  book  for  the 
general  public,  not  for  health  professionals. 
l)r  Gershwin's  spcciallv  as  an  allergist  is 
evident,  as  the  book  does  a  good  job  of 
describing  allergies  and  the  role  they  can 
play  in  asthma.  The  indexed  topics  give  the 
reader  the  opportunity  to  select  specific  as- 
pects of  asthma.  The  cover  of  the  book  de- 
scribes it  as  "The  complete  guide  to  living 
with  asthma.  .  .  ."  Many  topics  are  included 
but  some  important  issues  are  not  covered. 
The  role  the  school  can  play  in  managing 
asthma  is  touched  on  in  regard  to  the  Open 
Aii'ways  program  and  other  programs  but 
could  have  been  expanded  to  talk  about 
school  and  family  interaction.  Since  chil- 
dren spend  a  good  portion  of  their  day  in 
school,  how  the  school  handles  asthma  could 
have  a  substantial  impact  on  parents  and 
children  (preschool  included!).  The  role  of 
spirometry  in  asthma  is  also  not  discussed. 

Although  1  believe  the  authors"  intentions 
are  good,  throughout  the  book  asthmatics 
are  referred  to  as  "sufferers"  and  "victims." 
As  an  asthmatic,  an  asthma  educator,  and  a 
respiratory  therapist,  1  think  that  label  un- 
dermines efforts  to  help  asthmatics  feel  em- 
powered and  to  be  proactive  in  their  care, 
which  the  authors  state  is  one  of  their  goals. 
The  book  does  a  good  job  of  explaining 
things  in  words  that  are  easy  to  understand. 
The  use  of  patient  histories  helps  create  a 
better  understanding  of  the  real  world  of 
asthma.  The  end  of  each  chapter  includes  a 
brief  summary  of  topics  that  were  discussed. 

Part  1.  "Understanding  Your  Asthma," 
contains  5  Chapters.  Chapter  1  describes 
what  asthma  is.  The  figure  on  page  13  de- 
picts what  a  normal  airway  looks  like,  but 
there  are  no  pictures  to  demonstrate  what 
happens  to  the  airways  during  an  attack.  As 
a  picture  is  worth  a  thousand  words.  1  think 
it  would  be  helpful  to  add  that  to  the  next 
edition.  The  authors  do  a  good  job  of  dif- 
ferentiating between  intrinsic  (inherent)  and 
extrinsic  (from  without)  asthma,  and  the  fig- 
ure on  page  20  helps  clarify  the  potentially 
confusing  distinction  between  those  terms. 
Chapter  2  describes  the  course  of  asthma 
and  discusses  the  notion  of  "outgrowing" 
asthma.  The  explanation  of  decreasing 
asthma  symptoms  as  the  lungs  mature  and 
children  get  older  is  simple  and  to  the  point. 
Many  people  belic\  c  that  they,  or  their  chil- 
dren, have  outgrown  their  asthma  and  do 
not  need  to  monitor  their  breathing  anyinore. 
The  story  (page  37)  of  the  teenager  who 
became  lax  in  carrying  her  rescue  medica- 
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tions  brings  this  point  home,  as  she  needed 
to  go  to  the  emergency  room. 

The  role  of  allergies  and  asthma  is  thor- 
oughly covered  in  Chapters  3-5.  As  this  is 
Dr  Gershwin's  specialty,  the  reader  will 
come  away  with  a  better  understanding  of 
allergies.  Other  conditions  associated  with 
allergies,  such  as  eczema,  allergic  rhinitis 
(hay  fever),  sinusitis,  and  ear  infections,  are 
discussed  and  provide  a  better  understand- 
ing of  these  conditions  and  their  treatment 
options.  Allergy  testing  in  asthma  is  dis- 
cussed and  leaves  the  reader  with  a  good 
understanding  of  when  it  is  appropriate  and 
helpful  in  treating  asthma.  The  role  of  skin 
and  blood  testing  (radioallergosorbent  test- 
ing [RAST]  and  tluoro-allergosorbent 
testing  [FAST])  and  bronchial  challenge 
testing  helps  to  understand  ways  to  identify' 
allergies.  Figure  5.1  is  a  form  that  can  be 
used  to  identify  possible  asthma  triggers  and. 
when  used  effectively,  can  allow  the  family 
and  physician  to  forgo  those  other  tests. 

Part  2  is  entitled  ""Avoiding  Asthma's 
Common  and  Uncommon  Causes  and  Com- 
plications." Chapter  6  describes  some  com- 
mon U-iggers;  airborne  antigens,  respiratory 
infections,  e.xercise.  cold  air.  air  pollution, 
and  others.  The  authors  believe  that  the  use 
of  environmental  control  measures  can  help 
reduce  some  of  those  triggers.  Although  a 
recent  review  of  the  role  of  air  purifiers' 
questions  their  value,  some  people  may  ben- 
efit from  their  use  in  relieving  symptoms. 
Chapter  7  helps  answer  many  questions  re- 
garding food  allergies.  Table  7.4  provides  a 
list  of  foods  that  contain  certain  allergenic 
food  substances  such  as  peanuts.  A  person 
with  identified  food  allergies  will  find  that 
table  \cv\  helpful.  Chapter  8  is  on  occupa- 
tional asthma  and  the  possible  causes  in  the 
work  environment.  Exercise  and  sports  are 
common  triggers  for  asthma,  dealt  with  in 
Chapter  9.  The  authors  suggest  swimming 
as  the  activity  of  choice  for  all  asthmatics 
because  of  the  warm,  moist  environment.  I 
agree  that  this  activity  is  one  that  seems  to 
be  less  asthma-provoking,  but  the  availabil- 
ity of  a  pool  and  climatic  conditions  often 
prohibit  pool  use  for  many  asthmatic  chil- 
dren. Physical  activity  is  very  important  for 
the  development  of  a  child,  as  the  authors 
point  out.  The  role  of  medication  and  warm- 
ing up  before  activity  is  also  discussed. 
Chapter  10  deals  with  surgery.  Chapter  1 1 
addresses  pregnancy.  Informing  the  medi- 
cal team  of  your  asthma  history  is  vital  to 
getting  the  best  outcome  in  both  surgery 


and  pregnancy,  and  MediAlert  bracelets  are 
recommended. 

Part  .3  is  entitled  "Caring  for  Your  Asth- 
ma." Chapter  12  includes  an  asthma  diary 
and  care  plan  to  fill  out  with  your  physician. 
Compliance  is  addressed,  as  well  as  ways  to 
improve  compliance  w  ith  a  plan,  which  can 
help  some  families  treat  asthma.  Figure  1 2.3 
re\eals  many  of  the  excuses  for  noncom- 
pliance and  possible  solutions  to  the  prob- 
lems. Chapter  1 3  talks  about  choosing  a  doc- 
tor and  provides  good  information  on 
making  sure  the  physician  is  concerned 
about  your  whole  health  and  is  board  cer- 
tified. The  role  of  asthma  medications  is 
found  in  Chapter  14.  The  use  of  metered- 
dose  inhalers  and  nebulizers  is  discussed. 
Since  it  is  critical  to  use  inhaler  devices 
properly,  the  instructions  for  use  on  page 
189  could  be  better  demonsU"ated  with  a 
series  of  pictures.  The  "open  mouth"  tech- 
nique is  described  as;  "Aerosol  should  go 
straight  to  the  large  airways:  it  should  not 
hit  the  back  of  the  throat  or  the  tongue." 
Anyone  who  has  tried  the  open  mouth  tech- 
nique knows  that  that  is  easier  said  than 
done!  More  text  and  pictures  should  be 
added  to  demonstrate  how  to  use  the  de- 
vices and  make  this  book  more  complete. 
Even  though  the  authors  recommend  con- 
sulting a  pharmacist  if  you  are  having  trou- 
ble with  the  inhaler,  providing  that  infor- 
mation might  prompt  them  to  seek  advice. 

Medications  currently  used  for  asthma 
are  discussed  and  their  use  is  well  explained. 
The  discussion  of  the  MaxAire  inhaler  de- 
scribes the  larger  mouthpiece  as  a  spacing 
device.  I  would  agree  with  the  authors  that 
using  a  commercial  spacing  device  is  the 
best  way  to  use  a  metered-dose  inhaler,  but 
1  disagree  that  there  are  ""virtually  no  differ- 
ences in  brands  other  than  costs."  A  recent 
report  suggests  that  the  differences  among 
spacing  devices  can  make  a  difference.-  The 
use  of  nebulizers  versus  air  compressors  is 
also  briefly  addressed:  "Much  more  effec- 
tive than  metered-dose  handheld  canisters, 
the  compressor  works  well  for  small  chil- 
dren, the  severely  ill.  or  the  elderly."  (page 
196).  Some  physicians  might  debate  that 
notion.'  Gershwin  and  Klingelhofcr  em- 
power the  reader  to  seek  other  sources  of 
infomiation  on  drugs  (eg.  Physiciiin's  Desk 
Kvji'iemc  and  Web  sites)  and  other  healtli 
professionals,  such  as  pharmacists  and 
nurses.  Unfortunately,  there  is  little  men- 
lion  of  the  respiratory  therapist's  role  in 
asthma  care.  One  mention  occurs  on  page 
37.  a  reference  to  a  patient  receiving  oxy- 


gen and  a  breathing  treatment,  and  another 
on  page  214.  a  reference  to  '"inhalation  ther- 
apists, who  administer  /3  agonists  through 
special  ventilating  equipment  used  in  the 
emergency  room."  The  role  of  the  ""inhala- 
tion therapist"  (the  use  of  that  antiquated 
term  is  an  editorial  oversight.  I  assume)  has 
greatly  expanded,  especially  in  the  care  of 
asthma  patients. 

Chapter  15  addresses  allergy  shots,  which 
builds  on  the  earlier  chapter  on  allergies. 
Chapter  16  is  on  care  of  acute  asthma  and 
what  you  might  expect  in  the  emergency 
room.  The  last  section  of  this  chapter  gives 
some  reasons  why  people  can  die  from 
asthma.  Chapter  1 7  provides  information  on 
summer  camps  and  community  programs. 
Issues  such  as  medications  at  school  and 
monitoring,  which  many  families  face,  are 
not  discussed.  Chapter  1 8  is  about  traveling 
with  asthma  and  provides  a  good  reminder 
to  prepare  for  travel  with  enough  medica- 
tions. The  last  chapter  is  devoted  to  alter- 
native treatments  such  as  homeopathy  and 
acupuncture,  and  the  authors  believe  those 
alternatives  will  not  succeed. 

Overall,  the  book  provides  the  intended 
reader  with  some  good  information  on 
asthma  and  more  on  allergies,  but  may  leave 
the  reader  with  some  questions  concerning 
proper  indi\  idualized  care.  The  cost  of  the 
book  ($17)  is  reasonable  for  the  informa- 
tion it  provides  and  the  additional  resources 
in  the  appendix.  It  would  be  a  good  book  to 
suggest  for  families  who  are  new  to  a  diag- 
nosis of  asthma  and  allergies. 

Tim  Conlin  MSc  RRT 

Community  De\elopment/Respiratory 

Therapy 

St  Vincent  Hospital  and  Health  Care 

Indianapolis.  Indiana 
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My  House  Is  Killin}>  Me!  The  HomeCuide 
for  Families  with  Allergies  and  Asthma 
Jeffrey  C  May.  Foreword  by  Jonathan  M 
Saniet  MD  MS.  Baltimore/London:  Johns 
Hopkins  University  Press.  2(K)1.  Soft  cover, 
illustrated.  .'^27  pages.  $16.93. 

An  active  home  inspector  whose  specially 
is  indoor  air  quality  wrote  this  book  as  a 
guide  for  the  prospective  homebuyer  or 
homeowner  with  Indoor  air  complaints.  Pep- 
pered with  fascinating  personal  anecdotes 
from  his  career,  it  can  be  used  to  help  de- 
termine when  to  seek  professional  advice 
and  what  to  expect  from  such  consultations. 
The  book  might  also  help  guide  a  practitio- 
ner who  suspects  that  indoor  air  quality  plays 
a  role  in  a  patient's  respiratory  di-sease  and 
building  contractors  who  wish  to  adopt 
healthy  building  techniques.  It  is  not  meant 
to  be  a  reference  text  nor  does  it  have  much 
to  offer  the  reader  interested  in  the  medical/ 
toxicological  side  of  indoor  air  problems. 

The  book  is  well  organized,  in  4  parts. 
"Setting  the  Scene."  "Daily  Life."  which 
focuses  on  living  areas.  "Basements  and  At- 
tics." and  "Clean  It  Up — Inside  and  Out." 
After  the  introduction  that  addresses  basic 
concepts  of  indoor  air  biology,  all  the  parts 
are  very  practical,  with  useful  checklists 
and  recommendations  that  are  clear  and  easy 
to  follow,  such  as  the  description  of  a 
simple  method  to  ascertain  if  a  carpet  is 
off-gassing. 

The  book's  emphasis  is  on  the  sources 
and  dispersion  of  bioaerosols  that  can  cause 
respiratory  disease.  TTie  opening  chapter  has 
a  nice  description  of  the  biology  of  fungi 
and  frass  (insect  excrement),  which  are  2 
important  indoor  antigens.  Many  dramatic 
cases  of  biological  contaminants  are  graph- 
ically and  sometimes  humorously  described. 
to  good  effect.  For  the  medical  reader  there 
are  times  when  the  anecdotes  become  te- 
dious and  one  wishes  for  more  sf)ecific  en- 
vironmental exposure  or  medical  informa- 
titm.  One  example  is  a  description  of  a  home 
in  Texas  that  was  ultimately  bulldozed  be- 
cause of  Srachyhoiiys  (a  toxic  mold)  growth 
that  is  linked  to  memory  loss  and  asthma. 
The  lack  of  association  in  the  medical  lit- 
erature between  asthnia  and  Stciclnboln's 
isn't  mentioned.  References  are  often  cur- 
sory and  without  citations,  which  is  frus- 
trating to  the  medical  reader  (eg.  "a  report 
in  an  allergy  journal  theorized  that.  .  . ."  and 
"one  study  found  that  over  90%  of  sinus 
infections  involves  fungi."). 

The  author  appears  to  relish  the  detective 
work  required  in  home  moisture  and  mold 


remediation.  His  descriptions  of  what  to  look 
lor  and  where  are  easy  to  follow.  As  one 
might  expect,  the  author  has  several  horror 
stories  involving  shower  stalls  and  bathtub 
leaks  with  subsequent  structural  damage  as 
well  as  health  risks.  He  leaves  us  with  a 
humorous  image  of  the  effects  of  moisture 
and  subsequent  rol  on  a  second  floor  bath- 
room, which  if  no!  repaired  leaves  the  po- 
tential for  yi)u  to  "find  yourself  sitting  on 
the  throne  in  your  living  room!"  There  are 
good  discussions  on  ventilation,  which  de- 
scribe many  of  the  pitfalls  of  exhaust  fan 
installation  and  shoddy  construction.  He 
does  address  nonbiological  hazards  such  as 
chemical  irritants,  carbon  monoxide,  asbes- 
tos, and  radon. 

The  author  appropriately  focuses  on  base- 
ments and  attics.  He  provides  one  of  his 
only  aggregate  analyses  in  noting  that  in  his 
experience  people  with  respiratory  problems 
are  almost  twice  as  likely  to  live  in  houses 
with  finished,  carpeted  rooms  below  grade. 
One  of  the  extreme  difficulties  with  tlnished 
ba.sements  is  that  the  moisture  damage  is 
often  hidden,  as  compared  with  unfinished 
basements.  The  author  describes  an  inter- 
esting technique  of  placing  his  sampler  in 
front  of  an  electrical  outlet  and  tapping  walls 
to  detect  growth  behind  the  sheet  rock.  The 
potential  hazards  associated  with  furnace 
blower  units  are  described  with  illustrative 
examples. 

The  author  covers  attic  hazards  in  a  man- 
ner similar  to  that  in  the  discu.ssion  of  base- 
ments. The  h;i/ards  are  those  that  are  en- 
trained through  the  ventilation  system  from 
warm,  d;irk,  and  moist  environments  that 
produce  biological  hazards,  which  often  en- 
ter living  areas  through  the  cracks  in  the 
attic  floor  or  ba.semenl  ceiling.  These  ven- 
tilation routes  can  be  detected  easily  with 
inexpensive  technology  such  as  a  blower 
door,  commonly  used  by  indoor  air  special- 
ists. The  author  points  oM  that  .^()-50'/f  of 
a  house's  air  intake  comes  from  the  base- 
ment, which  is  often  neglected  with  regard 
to  clean-up  and  monitoring  of  potential  haz- 
ards. Tlie  author  describes  the  "hidden  ecol- 
ogy of  a  damp  basement"  and  pro\  ides  prac- 
tical techniques  for  detecting  and  slopping 
sources  of  external  water.  He  describes  the 
ecology  within  moist  insulation,  particularly 
fiberglass,  which  supports  mold,  followed 
by  mold-eating  mites  and  their  allergenic 
hazards,  and  how  allergens  can  easily  be 
dislodged.  He  goes  on  to  describe  simple 
methods  for  preventing  such  growth.  Many 
of  the  anecdotal  health  effects  in  this  sec- 


tion are  related  to  risk  of  hypersensitivity 
pneumonitis.  In  one  case  he  does  a  nice  job 
of  showing  how  specific  allergenic  analysis 
and  immunoglobulin  E  testing  can  be  done. 
This  would  have  been  a  particularly  useful 
junclure  at  which  lo  cite  niedical  literature. 

The  author  recommends  vacuuming  with 
high-efficiency  particulate  absolute  (HEPA) 
filter  once  a  week.  He  briefiy  touches  on  the 
reservoir  action  of  carpet  and  how  rarely 
carpets  are  fully  cleaned  by  vacuuming.  In 
a  brush  with  statistics,  he  states  that  in  all 
the  hundreds  of  homes  he  has  inspected  he 
always  finds  higher  air  concentrations  of 
particulates  in  places  with  wall-to-wall  car- 
pets than  in  those  with  hardwood,  vinyl,  or 
ceramic  floor.  This  is  true  within  homes  as 
well  as  between  homes.  He  cautions  against 
nonprofessional  carpet  cleaning,  because  of 
the  potential  for  residual  moisture  and  con- 
sequent microbiological  growth.  He  de- 
scribes the  persistence  of  pet  allergens  in 
carpeting  and  uses  this  hazard  to  describe  a 
particular  irony  in  the  use  of  professional 
housecleaning  services,  in  which  the  vac- 
uum cleaner  collects  allergens  from  other 
homes  and  in  the  process  of  cleaning  your 
home  spews  them  out.  He  believes  that  steam 
cleaning  is  effective  in  kilhng  mites,  spi- 
ders, carpet  beetles,  and  fleas,  as  well  as 
denaturing  allergens  in  furniture  and  car- 
pets; that  is  a  potentially  important  claim, 
which  he  attempts  lo  substantiate  with  2 
experiments,  with  dust  mite  allergen  and 
dog  allergen.  Some  of  the  applications  took 
as  long  as  .^0  minutes  to  achieve  effective 
denaturing,  which  is  perhaps  why  this  tech- 
nique is  not  yet  supported  by  the  interven- 
tion literature. 

There  is  a  brief  section  on  air  purifiers. 
With  a  comic  anecdote  he  points  out  the 
fallacy  of  carbon  filters,  which  rapidly  be- 
come saturated  with  volatile  organics.  He 
does  not  endorse  HEPA  filters  in  children's 
bedrooms,  which  the  asthma  literature  sug- 
gests can  be  effective  for  asthmatic  chil- 
dren. He  pounds  home  the  importance  of 
eliminating  home  allergens  first,  before  pu- 
rifying the  air.  because  the  turbulence  cre- 
ated by  the  air  purifier  can  stir  up  and  in- 
crease the  airborne  allergen  load. 

The  section  on  schools  is  very  brief, 
though  helpful.  The  section  on  office  build- 
ings is  somewhat  more  detailed  and.  again, 
would  benefit  from  use  of  some  of  the  now 
extensive  medical  literature  on  indoor  air 
quality  problems  in  office  buildings.  He  does 
point  out  flaws  in  one  questionnaire  study 
performed  in  office  buildings  where  the  ven- 
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tilation  rates  were  doubled  and  subjects 
served  as  their  own  controls;  the  Haw  was 
that  none  of  the  ventilation  rates  were  low 
enough  to  be  in  the  inadequate  range.  He 
points  out  that  inadequate  ventilation  is  not 
the  only  source  of  difficulties  in  most  in- 
door air  quality  complaints  and  that  bio- 
aerosols  are  an  important  source.  He  cites  2 
useful  Environmental  Protection  Agency 
documents.  "Building  Air  Quality:  A  Guide 
for  Building  Owners  and  Facility  Manag- 
ers" and  "Indoor  Air  Quality:  Tools  for 
Schools."  to  support  this  cliapler. 

In  his  final  chapter.  "Closing  Remarks: 
Take  Charge."  the  author  describes  positive 
and  negative  responses  to  the  book.  Though 
he  was  encouraged  by  a  reader  purchasing  a 
HEPA  vacuum,  he  was  discouraged  if  the 
reader  threw  out  the  couch  or  mattress.  He 
puts  the  hazards  in  perspective  for  suscep- 
tible individuals,  focusing  on  those  with 
asthma  and  allergs  symptoms.  He  encour- 
ages people  to  use  their  own  body's  re- 
sponses to  establish  the  presence  or  absence 
of  hazards,  and  cautions  not  to  be  deterred 
if  patterns  don't  emerge.  The  inability  to 
define  or  quantify  a  hazard  does  not  mean 
the  hazard  is  not  present.  If  air  sampling 
does  not  support  the  hypothesis  that  an  in- 
door air  quality  problem  exists  (and  it  usu- 
ally doesn't),  one  cannot  necessarily  con- 
clude that  an  indoor  air  quality  problem  does 
not  exist.  The  complicated  aspects  of  ven- 
tilation and  distiibution  of  allergens  often 
requires  professional  evaluation.  The  author 
points  out  that  the  quest  for  symptom  relief 
is  often  long  and  torturous.  His  final  admo- 
nition is,  "If  your  house  is  killing  you.  trust 
yourself,  take  charge,  and  change  the  in- 
door environment." 

Timothy  K  Takaro  MD  MPH 

Occupational  and  Environnicnlal 

Medicine  Program 

Departments  of  Medicine 

and  Environmental  Health 

University  of  Washington 

Seattle.  Washington 

Respiratory  Care  Pharmacology,  dth  edi- 
tion. Joseph  L  Rau  Jr  PhD  RRT  FAARC.  St 
Louis:  Mosby.  2002.  Soft  cover,  illustrated. 
492  pages.  S4S.')5, 

Respiratory  Care  Pharmacology  has 
become  a  mainstay  in  teaching  respiratory 
care  pharmacology.  Now  in  its  sixth  edi- 
tion. I  am  confident  that  most  if  not  all  re- 
spiratory therapists  have  encountered  this 
textbook.  This  newest  edition  continues  with 


many  strengths  of  the  previous  editions  and 
provides  new  material.  With  1.^  distin- 
guished contributors  and  4  reviewers,  this 
text  offers  current  information  in  a  compre- 
hensive, readable  book  for  respiratory  ther- 
apists and  other  health  science  readers. 

This  newest  edition  offers  an  updated  and 
organized  approach  to  pharmacology.  It  is 
divided  into  3  units:  ( 1 )  Basic  Concepts  and 
Principles  in  Pharmacology.  (2)  Drugs  Used 
to  Treat  the  Respiratory  System,  and  (3 )  Crit- 
ical Care  and  Cardiovascular  Drug  Classes. 
Along  with  a  detailed  table  of  contents,  there 
are  a  number  of  pedagogical  features  that 
facilitate  better  conceptualization  of  the  ma- 
terial, including  an  individual  chapter  out- 
line, an  initial  paragraph  summarizing  each 
chapter,  and  boxed  summaries  of  key  con- 
cepts. At  the  end  of  each  chapter  are  self- 
assessment  questions,  clinical  scenarios,  a 
summary  of  key  tenns  and  concepts,  and  an 
up-to-date  reference  list.  I  found  the  author's 
use  of  examples  to  be  effective  in  illustrat- 
ing many  of  the  concepts.  Most  of  the  chap- 
ters contain  many  examples.  On  page  1 8  the 
phra.se  "for  example"  is  used  ."i  times,  and 
this  is  common  throughout  the  hook.  In  ad- 
dition. I  was  particularly  interested  to  find, 
in  most  chapters,  brief  historical  perspec- 
tives on  many  of  the  dnigs  discussed. 

Several  chapters  include  a  summary  of 
how  to  assess  the  use  of  particular  drug 
groupings — a  feature  particularly  useful  for 
students.  For  example,  in  Chapter  6,  "Ad- 
renergic (Sympathomimetic)  Bronchodila- 
tors."  the  section  on  "Respiratory  Care  As- 
sessment of  |3-Agonist  Therapy"  details 
what  needs  to  be  assessed  and  monitored 
when  providing  /B  agonists.  This  section  also 
emphasizes  which  key  points  to  instruct  the 
patient  on.  w  hich  cardiopulmonary  variables 
to  monitor,  and  differentiates  assessment  for 
quick-acting  and  long-acting  |3  agonists. 

The  authors  include  appropriate  refer- 
ences to  National  Institutes  of  Health  guide- 
lines for  asthma  and  the  Global  Initiative 
for  Chronic  Obstnictive  Lung  Disease;  the 
details  of  both  sets  of  recommendations  are 
included  in  the  appendixes. 

The  above  features  help  make  this  an 
excellent  text  for  both  students  and  advanced 
practitioners,  as  a  reference  or  as  a  review 
of  cuiTcnt  standards  in  respiratory  care  ph;ir- 
macology. 

Chapters  1  and  2  pro\ide  an  in  depth 
coverage  of  principles  of  drug  action  with  a 
fully  illustrated  introduction  to  pharmacol- 
ogy, the  dmg  administration  phase,  and  phar- 
macokinetics, but  these  chapters  do  not  ex- 


plain certain  concepts  that  an  entry-level 
student  may  need  to  understand.  For  exam- 
ple, on  page  29.  the  discussion  on  G  pro- 
tein-linked receptor  activation  and  G  pro- 
tein function  would  be  daunting  for  some 
student  readers. 

Chapter  3  discus.scs  administration  of 
aerosolized  medications.  I  found  this  chap- 
ter comprehensive,  covering  all  aspects  of 
aerosol  delivery.  Physical  principles  and 
aerosol  delivery  devices  are  discussed,  with 
state-of-the-art  information  provided.  How- 
ever. I  would  like  to  have  seen  more  in  the 
section  on  patient-device  interface  issues. 
such  as  the  limitations  of  mask  therapy  and 
variables  that  influence  aerosol  delivery  dur- 
ing mechanical  ventilation. 

Chapter  5  discusses  the  central  and  pe- 
ripheral nervous  system.  As  a  seasoned 
reader.  1  found  this  chapter  easy  to  under- 
stand, but  students  find  this  topic  challeng- 
ing. Nevertheless,  having  read  about  this 
topic  in  several  other  textbooks  I  am  not 
sure  that  any  other  approach  would  be  more 
effective  than  how  the  material  is  presented 
in  this  book. 

Unit  II  covers  drugs  used  to  treat  disor- 
ders of  the  respiratory  system.  These  in- 
clude adrenergic  and  anticholinergic  drags, 
xanthines,  mucus-controlling  drugs,  surfac- 
tant agents,  corticosteroid  and  nonsteroidal 
agents,  antimicrobial  and  anti-infective 
agents,  and  drugs  to  control  cough.  Each  of 
these  topics  is  covered  in  depth,  with  indi- 
cations for  each  drtig  group,  discussion  of 
specific  drags,  modes  of  actions,  routes  of 
administration,  and  adverse  effects.  Com- 
prehensive tables  of  dosages  of  various  prep- 
arations are  provided  throughout  this  sec- 
tion. For  example.  Table  (i.  I  on  page  110 
includes  generic  and  trade  names  ol  all  avail- 
able adrenergic  bronchodilators.  along  with 
which  receptors  are  stimulated,  adult  dos- 
ages, and  time  courses. 

I  was  impressed  with  Chapter  9.  "Mu- 
cus-ConU-olling  Drug  Therapy. "  because  of 
its  detail  on  physiology  of  mucus  tlov\ .  na- 
ture of  mucus  secretions,  and  physical  prop- 
erties of  mucus.  This  chapter  includes  a  dis- 
cussion of  common  drugs  used  to  promote 
mucus  expectoration  such  as  N-acetyl-L- 
cysteine.  dornase  alfa,  and  expectorants. 
Other  drugs  are  also  discussed,  such  as  F- 
actin  dcpolymerizing  drags,  mucokinetics, 
antiproteases.  gene-therapy  related  drags, 
and  mucoactive  agents.  Since  the  primary 
locus  of  most  respiratory  Ciire  procedures 
and  treatments  is  to  impnnc  mucus  rheol- 
ogy  and  promote  expectoration,  it  is  para- 
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mount  for  practitioners  to  understand  the 
ideas  found  in  this  chapter. 

Unit  II  also  includes  2  useful  chapters  on 
selected  agents  for  various  respiratory-re- 
lated conditions  such  as  o;-antiUApsin  defi- 
ciency, smoking  cessation,  and  clinical  use 
of  nitric  oxide.  There  is  also  a  chapter  on 
neonatal  and  pediatric  medicated  aerosol 
therapy.  I  found  the  section  on  nicotine  re- 
placement therapy  a  good  overall  summary 
of  how  these  drugs  work,  but  I  would  like 
to  see  this  section  expanded  to  cover  the 
topic  in  more  detail,  smce  many  respiratory 
care  textbooks  lack  this  discussion  and  there 
are  now  smoking  cessation  programs  in 
many  hospitals.  The  neonatal  and  pediatric 
chapter  offers  up-to-date  dosing  schedules 
for  many  respiratory-related  drugs.  Impor- 
tant factors  influencing  medicated  aerosol 
therapy  are  also  included.  1  think  Table  17.2. 
which  compares  neonatal  and  adult  respira- 
tory variables  (eg,  tracheal  diameter,  dead 
space  volume,  inspiratory  flow),  will  be  par- 
ticularly usefi;!  to  students  in  understanding 
the  factors  that  influence  aerosol  delivery  in 
neonates  and  adults. 

Unit  111  includes  coverage  of  cardiac  and 
vasoactive  drugs,  including  drugs  that  af- 
fect circulation  (eg,  hypertension  therapy, 
diuretics)  and  drugs  that  affect  the  central 
nervous  system.  Chapter  19  introduces  car- 
diac drugs  and  provides  only  brief  informa- 
tion on  many  common  drugs  such  as  dopa- 
mine and  dobutamine.  1  would  like  to  have 
seen  more  about  clinical  application  of  the 
inotropic  drugs.  In  addition  1  found  only  a 
brief  mention  of  norepinephrine  and  no- 
where in  the  book  was  Levophed  mentioned, 
though  it  is  commonly  used  for  acute  hy- 
potension. Chapter  20  discusses  drugs  that 
affect  circulation  and  includes  a  sketchy 
overview  of  the  etiology  and  pathophysiol- 
ogy of  hypertension.  Hypertension  therapy, 
nitrates,  and  vasopressors  are  also  discussed. 
The  section  covers  inotropic  drugs  briefly, 
although  this  is  redundant  since  they  are 
also  covered  in  Chapter  18.  This  chapter 
provides  a  good  section  on  antithrombotics 
and  anticoagulants. 

The  book  concludes  with  4  appendixes, 
which  include  answers  to  the  self-assessment 
questions,  units  and  systems  of  measure- 
ments, recommendations  for  using  aerosol 
generators,  medical  management  of  asthma 
and  ob.structive  diseases,  and  a  glossary. 

My  suggestions  to  improve  this  book  re- 
late mostly  to  the  illustrations.  The  entire 


book  uses  2  colors:  black  print  and  shades 
of  green  for  illustrations.  1  find  black  with 
gray  scales  in  line  drawings  and  graphs  bet- 
ter to  illustrate  concepts  and  detail.  The  only 
illuslralion  with  a  hint  of  dimension  is  of 
the  kidney  ( Figure  21.1),  in  which  a  degree 
of  shading  helps  bring  the  illustration  to  life. 
I  am  not  sure  why  other  illustrations  lack 
that  type  of  presentation. 

The  shades  of  green  in  the  graphs  and 
histograms  make  it  difficult  to  discern  dif- 
ferences in  the  data  presented.  For  example. 
Figure  3.20  uses  shades  of  green  to  illus- 
trate patterns  of  aerosol  loss,  but  the  colors 
used  are  not  distinct  enough  to  differentiate 
the  data,  and  the  point  of  the  illustration  is 
difficult  to  determine.  Green  line  drawings 
are  used  in  Chapter  3  to  illustrate  aerosol 
generators  (eg,  metered-dose  inhalers  and 
dry  powder  inhalers)  and  metered-dose  in- 
haler reservoirs.  I  believe  that  photographs 
would  better  serve  the  reader  in  visualizing 
devices.  Chapter  1 1  discusses  various  in- 
haled steroids,  and  photographs  of  the  de- 
livery devices  are  needed  to  support  the  dis- 
cussion. 

On  page  237  there  are  3  black-and-white 
electron  micrographs  of  the  degranulating 
mast  cell.  Perhaps  the  addition  of  a  normal 
mast  cell  micrograph  for  comparison  would 
benefit  the  reader.  Also,  in  the  black-and- 
white  photograph  in  Figure  9.10,  which  is 
supposed  to  illustrate  the  effects  of  domase 
a.  it  is  difficult  to  see  exactly  what  the  au- 
thor is  trying  to  .show. 

The  call-out  for  Figure  11.1,  which  illus- 
trates the  kidney,  is  on  page  208,  but  the 
figure  is  on  Page  210.  Again,  the  simple  use 
of  spot  color  is  ineffective  in  illustrating  the 
structure  of  the  kidney  and  adrenal  gland. 

I  would  like  to  see  the  end-of-the-chap- 
ter  section,  titled  "Respiratory  Care  Assess- 
ment," that  is  found  in  some  of  the  chapters, 
included  in  each  chapter  that  deals  with 
drugs,  such  as  Chapters  1 8  and  22. 

Despite  these  limited  criticisms  and  sug- 
gestions, I  found  Respiratory  Care  Phar- 
macology to  be  well  written  and  believe  it 
serves  the  profession  well.  It  will  continue 
to  be  a  staple  in  respiratory  care  education. 

Dennis  R  Wissing  PhD  RRT 

Department  of  Clinical  Sciences 

School  of  Allied  Health  Professions 

Louisiana  State  University 

Health  Sciences  Center 

Slireveport,  Louisiana 


Airway  Cam  Video  Series.  Volume  3: 
Adult  Intubation.  Richard  M  Levilan  MD 
and  E  Andrew  Ochroch  MD.  Wayne,  Penn- 
sylvania: Airway  Cam  Technologies.  2000. 
VHS  video  cassette,  28  minutes.  ,$149.95. 

After  1  completed  4  years  of  internal  med- 
icine training,  1  remember  thinking  with 
some  satisfaction  that  1  had  become  quite 
accomplished  in  intubating  the  airways  of 
unstable  patients  with  acute  respiratory  fail- 
ure. And  1  also  remember  realizing  after 
doing  my  first  few  bronchoscopies  as  a  pul- 
monary fellow  that  I  had  previously  no  clear 
visual  understanding  of  upper  airway  anat- 
omy from  the  perspective  of  a  physician 
with  a  laryngoscope  and  endotracheal  tube 
in  hand,  anxiously  peering  down  a  hypoxic 
patient's  throat.  Despite  prior  efforts  to  learn 
airway  anatomy  from  drawings  and  photo- 
graphs of  the  upper  airway,  there  was  noth- 
ing like  actually  being  there.  Cruising 
through  the  upper  airway  with  a  broncho- 
scope leisurely  checking  out  airway  land- 
marks and  the  distance  of  one  structure  to 
the  next  did  more  to  enhance  my  intubation 
skills  than  all  of  my  previous  efforts  com- 
bined. 

With  those  reflections  in  mind.  1  was 
pleased  to  review  volume  3  of  the  Airway 
Cam  video  series.  Adult  Intubation  by 
Richard  Levitan  MD  and  Andrew  Ochroch 
MD.  This  28-minute  video  provides  an  in- 
depth  view  of  airway  anatomy  from  the  en- 
trance of  the  nose  and  mouth  to  the  larynx, 
as  seen  from  3  perspectives:  through  a  fi- 
beroptic rhinolaryngoscope;  through  a  rigid, 
mirrored  laryngoscope;  and  via  the  Airway 
Cam  video  camera,  which  simulates  the  cli- 
nician's view  while  performing  laryngo- 
scopic  transoral  endotracheal  intubation. 
The  video  also  presents  a  specific  discus- 
sion of  the  various  laryngoscope  blade  de- 
signs and  the  related  intubation  techniques. 

The  video  begins  with  a  review  of  hypo- 
pharyngeal  and  laryngeal  landmarks  as  iden- 
tified by  a  drawing  of  the  upper  airway. 
These  landmarks  are  later  called  out  as  they 
are  viewed  during  laryngoscopy.  The  video 
proceeds  to  a  physician  subject  who  con- 
ducts fiberoptic  rhinolaryngoscopy  on  him- 
self and  phonates  as  anatomic  structures 
come  into  view.  The  trip  through  the  upper 
airway  is  well  worth  the  price  of  admission 
if  one  can  ignore  the  operator's  eerie  infat- 
uation with  his  own  vocal  cords  as  he  pho- 
nates "eeee"  over  and  over  again  for  several 
minutes.  The  orientation  gained  by  the  uip 
would  definitely  promote  intubation  skills, 
even  though  the  projection  of  the  airway  is 
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inverted,  as  compared  with  the  view  seen 
during  transoral  intubation. 

The  neM  ride  through  the  airway  is  taken 
with  a  rigid  niinored  laiyngoseope.  whicli 
provides  a  more  close-up  view  of  gkmic 
structures.  The  stroboscopic  images  of  the 
vocal  cords  oscillating  in  slow  motion  dur- 
ing phonation  are  interesting  but  seem  some- 
what  out  of  place  in  a  \'ideo  on  airway  in- 
tubation. But  that  (and  scenes  of  a  physician 
viewing  his  own  airways  with  a  fiberoptic 
laryngoscope)  is  apparently  the  price  you 
pay  for  an  olhenvise  excellent  \ideo  done 
by  otolaryngologists. 

But  viewers  arrive  at  their  destination  as 
they  come  upon  the  review  of  laryngoscopic 
blades  and  the  Airway  Cam  images  of  the 
upper  airway  during  actual  intubations  of 
patients  in  controlled  settings.  The  intuba- 
tions are  entirely  the  real  thing,  with  a  dem- 
onstration of  realistic  difficulties  with  the 
use  of  various  blades  and  in  a  wide  spec- 
trum of  patients.  The  images  are  sharp,  vivid. 
and  clearly  representative.  The  commercial 
narrator  seems  familiar  with  the  topic  and 


avoids  the  usual  mispronounced  medical 
words  or  canned  fonnalities  ot  the  typical 
video  series. 

The  laryngoscopic  views  of  the  aiiAvay 
during  intubation  build  on  the  lessons 
learned  earlier  in  the  tape  that  prepare  the 
viewer  for  what  anatomic  sites  to  expect  as 
they  glide  dow  n  the  airway.  Although  1  have 
no  personal  experience  with  several  of  the 
laryngoscopic  blades  reviewed,  the  video 
supports  my  preference  for  the  curved 
Macintosh  blade  for  most  patients. 

The  video  is  not  geared  specifically  for 
respiratory  practitioners  who  pertbmi  urgent 
intubations  for  acute  events.  There  are  no 
comments  regarding  face  mask  bag  venti- 
lation, signs  of  esophageal  intubation,  or  pro- 
tocols to  ensure  adequate  oxvgenation  dur- 
ing intubation  attempts.  But  such  was  not 
the  intent  of  the  series.  The  lessons  pre- 
sented in  the  video  clearly  extrapolate  to  the 
emergency  setting.  I  was  especially  pleased 
to  hear  comments  about  the  importance  of 
an  assistant  compressing  the  cricoid  carti- 
lage to  prevent  esophageal  regurgitation  and 


aspiration,  and  the  value  of  the  operator  ma- 
nipulating the  laryngeal  cartilage  to  bring 
the  glottis  into  v  iew .  Also,  the  video  spent  a 
warranted  amount  of  time  emphasizing  the 
proper  head  and  neck  positioning  for  intu- 
bation and  special  positioning  issues  with 
obese  patients. 

If  I  were  responsible  for  honing  the  in- 
tubation skills  of  clinicians  learning  emer- 
gency intubation.  I  would  definitely  include 
this  video  in  the  airway  curriculum.  The 
video  is  also  rele\ant  for  respiratory  thera- 
pists and  technicians,  nurses,  and  physician 
respiratory  therapy  directors  who  do  not  in- 
tubate but  assist  with  intubation  or  super- 
vise the  emergency  response  team.  There  is 
nothing  like  a  personal  fiberoptic  trip 
through  the  airways  to  learn  airway  anat- 
omy. This  videotape  is  the  next  best  thing. 

John  E  Heffner  MD 

Department  of  Medicine 

Medical  University  of  South  Carolina 

Charleston,  South  Carolina 
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Staff  Therapist 


Come  Help  Us 
Care  For  Those 
Who  Have 
Served  Our^i^^j 
Country!     |£ 

RESPIRATORY  THERAPIST 

We  have  an  exciting  Fuil-linie  oppoitunity 
for  a  Certified  or  Registered  Respiratory 
Therapist. 

The  Ctement  J.  Zablocki  VA  Medical  Center 
(Milwaukee),  a  teniary  care  facttity,  affiliated  with 
the  Medical  College  of  Wisconsin,  is  one  of  the 
largest  acute  care  hospitals  in  Wisconsin,  and  is  a 
regional  referral  center  for  many  specialty  areas.  We 
offer  a  competitive  salary,  a  comprehensive  federal 
benefits  package  and  an  excellent  working 
environment  with  the  opportunity  for  continuing 
education  and  professional  growth. 

For  more  information,  call  Marilyn 
Denning,  HR,  (414)  384-2000,  ext.  42978; 
send  application/resume  to: 

Clement  J.  Zablocki  VA  Medical  Center 

Human  Resources 

(HR-05A/MD)  ""'■  //('("■' 

5000  W.  National  Ave         i\  in  il... 

Milwaukee,  Wl   53295 

Fax:  (414)  382-5296 

E-mail:  marilyn.denning  milw^ukee 

@mecl.va.gov 

^OE/AA  Employer  Random  Oma  'irreen 


C.'onK'  n>in  ii>  iin  IxMUIiliil  WliklK-y  M.iikI,  Icic.iicJ  two 
hours  north  ot  ScMttIc,  WA.  Whidhcy  General  Hospital 

is  :i  S  I  -hod  public  district  ho.spiial,  owned  and  operated 
hy  the  lesklenls  ot  Whidhey  Island.  The  ho.spital  is  fully 
;iccredited  hy  the  Joint  CAimmission  on  Accreditation  of 

Healthcare  OrKani:;itions  and  is  an  all  licensed  facility. 

We  .ire  currently  seekinj,;  a  Respiratory  Therapist 

with  ai  least  one  year  hospital  experience 

.ind  WA  licensure.  RRT  is  preferred.  We  offer 

a  competitive  salary  and  henefifs  packaj^e. 

Hxperience  life  on  Whidhey  Island.  Our  small 

community  is  henefiting  from  the  most 

advanced  technolofjy  and  skilled 

professionals.  Together  we  are  making  a 

difference  in  a  place  where  life  is  different. 

Apply  ti>: 

Whidbey  General  Hospital 

P.O.  Box  400 

Coupeville,  WA  98239 

(360)678-7656x3250 

(360)678-7661  -Fax 

johs@whidbeyKen.orf^ 

Or  apply  (inline  @ 

www.whidbeygen.org 

^\  Whidbey 
•^^  General  Hospital 

lh\}lthcarf  Excellence  Chise  In  Home 


Circle  1 20  on  product  information  card 


Circle  1 19  on  product  information  card 


THE  2001  BOUND 
VOLUME  OF 

Respiratory 
Care 

IS  NOW  AVAILABLE 


Volume  46  is  bound  in  o  buckram  tovei  ond  moy  be  imprinted,  free  of 
chorge,  wifh  your  nome  or  fbe  name  of  your  organizotion.  Eoth  wolume  is 
'^60  for  current  AARC  members  ond  '100  lor  non-members.  Shipping  is  in- 
cluded for  U.S.  and  Conodion  residents. 

Available  for  a  limited  time,  older  bound  volumes  at  discounted  rates. 


ORDERS  MUST  BE  PREPAID — INCLUDE  CHECK,  INSTIIUTIONAL 
PURCHASE  ORDER,  OR  VALID  CREDIT  CARD  NUMBER. 


0  2001  VOLUME  AT560/^100 
0  2000  VOLUME  AT560/'']00 
D  1999  VOLUME  AT560/>100 
D  1998  VOLUME  AT ''50/^90 
D  1997  VOLUME  AI '50/>90 


D  1996  VOLUME  AIMO/^80 
D  1995  VOLUME  AT ''40/'80 
n  1994  VOLUME  AI '35/75 
n  1993  VOLUME  AI'35/'75 
n  1992  VOLUME  Ar  35/75 


n   CHECK 

CARD  OR  P0# 

n  PURCHASE  ORDER 

n  VISA 

D  MASTERCARD 

rKP  DAT( 

SIGNATURE 

AARC  MEMBER  t 

NAME 

IHSniUllON 

ADDRESS 

(IT¥ 

S1»I! 

ZIP 

NiME  10  IMPRINT 

DAEDALUS  ENTERPRISES  INC 
PO  BOX  29686   •  DAllAS  IX  75229  •  FAX  [972]  484  2720 


EDUCATION 
Recognition  Awards 

(Applications  must  be 
received  by  May  31) 

■  Morton  B.  Duggan,  Jr., 
Memorial  Education 
Recognition  Award  —  $  1 ,000 

■  Jimmy  A.  Young  Memorial 
Education  Recognition  Award 

—  $1,000 

■  NBRC/AMP  William  W  Burgin, 
Jr,  MD  Education  Recognition 
Award  —  $2,500 

■  NBRC/AMP  Robert  M. 
Lawrence,  MD  Education 
Recognition  Award  —  $2,500 

-  William  E  Miller  MD 
Postgraduate  Education 
Recognition  Award  —  $  1,500 

■  NBRC/AMP  Garetin  B.  Gish,  MS, 
RRT  Memorial  Postgraduate 
Education  Recognition  Award 

—  $1,500 


Every  year  the  American  Respiratory  Care  Foundation  (ARCF 
with  sponsors  from  the  health  industry  to  award  more  than 
$29,000  to  respiratory  therapists  and  physicians  through  its 
education  recognition,  fellowships,  grants,  and  awards  prog 
For  more  information,  or  to  apply  for  one  of  these  awards  ir 
2003,  contact  the  ARCF  Executive  Office,  I  1 030  /\bles  Lane, 
Dallas,  TX  75229-4593,  (972)  243-2272,  fax  (972)  484-272C 
e-mail  info@aarc.org,  or  access  ARCF  at  www.arcfoundation 


$1 


RESEARCH  Fellowships 

■  Charles  W  Serby  COPD  Research  Fellowship 

■  GlaxoSmithKline  Fellowship  for/\sthma  Care 
Management  Education  —  $3,500 

■  Monaghan/Trudell  Fellowship  for  Aerosol  Technic 
Development  —  $  1 ,000 

■  Respironics  Fellowship  in  Non-Invasive  Respirator 
Care  — $1,000 

■  Respironics  Fellowship  in  Mechanical  Ventilation  - 
$1,000 

■  V\ASYS  Healthcare  Fellowship  for  Neonatal  and 
Pediatric  Therapists  —  $  1 ,000 


LITERARY  Award 

■  Dr.  Allen  DeVilbiss  Literary  Award  —  $2,000 


ACHIEVEMENT  Awards 

(Nominations  must  be  received  by  May  31) 

■  Forrest  M.  Bird  Lifetime  Achievement 
Award  —  $2,000 

■  Dr  Charles  H.  Hudson  Award  for 
Cardiopulmonary  Public  Health  —  $500 

■  Invacare  Award  for  Excellence  in  Home 
Respiratory  Care  —  $500 

■  Sepracor  Achievement  Award  for 
Excellence  in  Pulmonary  Disease  State 
Management  —  $2,500 


RESEARCH  Grants 

-  NBRC/AMP  H.  Frederic  Helmholz,  Jr  Ml 
Educational  Research  Fund  —  up  to 
$3,000  (Applications  must  be  received 
May  3 1 ) 

■  Jerome  M.  Sullivan  Research  Fund  — 
Awarded  periodically 

■  Parker  B.  Francis  Respiratory  Research 
Grant  —  Awarded  periodically 


Rcspiratorv  Care 

liducation' 

Annual 


RESPIRATORY  CARE 
EDUCATION  ANNUAL 


CALL  FOR  PAPERS 

The  Education  Section  of  the  AARC  will 
publish  Volume  12  of  the  Respiratory 
Care  Education  Annual  in  the  spring  of 
2003.  The  annual  is  a  refereed  journal 
committed  to  providing  a  forum  for 
research  and  theory  in  respiratory  care 
education  Papers  should  be  approxi- 
mately 6-10  pages  in  length  and  should 
follow  the  guidelines  in  the  "Publication 
Manual  of  the  American  Psychological 
Association,  4th  Edition."  Abstracts 
should  not  exceed  120  words. 


DEADLINE  FOR  SUBAAISSION: 

DECEMBER  31.  2002 


The  AARC  Education  Section  invites  educators  to  submit  papers  for  consideration. 
Preference  will  be  given  to  papers  that  emphasize  original  research,  applied  research, 
or  evaluation  of  an  education  method  Other  topics  include  interpretive  reviews  of 
literature,  educational  case  studies,  and  point-of-view  essays  Submissions  will  be 
reviewed  based  on  originality,  significance  and  contribution,  soundness  of  scholar- 
ship, generalization  to  the  education  community,  and  overall  quality  of  the  paper. 


AAAIL  SUBMISSIONS  TO: 

AARC  Educational  Annual 
11030  Abies  Lane,  Dallas,  TX  75229-4593 


Want  to  know  what 
other  RTs  think? 


< 


AARC  members 
already  dp*, 
Become  an|| 
AARC  member 
today. 


49TH    INTERNATIONAL    RESPIRATORY   CONGRESS 


REQUEST  FOR  PROGRAM  PROPOSALS 


DECEMBER   8 

i 


1 1,   2003 


INTERNATIONA 

RESPIRATORY 


LAS   VEGAS,    NEVADA 

The  AARC  Program  Committee  is  now  accepting 
proposals  for  programs  to  be  presented  at  the 
2003  Congress.  If  you  are  interested  in  making 
a  presentation  at  the  2003  meeting,  please 
^^^  -J--  '^'^^^^^      prepare  your  proposal   in  accord  with  the 


I 


~ll 


October  2002  issue  of  AARC  Times 


AARC  website  www.aarc.org 


PROPOSALS  MUST  BE  SUBMITTED  BY  DECEMBER  31,  2002 


With  The  PSRC  Home  Care  Procedure  Monuc 
You  Don't  Hove  to  Reinvent  Procedures  — 
They're  Already  Invented  for  You. 

This  Manual  Gives  You  Expert  Guidance  in 
Documenting  Policies  and  Procedures  for  Clinic 
Respiratory  Services.  And,  It  Helps  You  Meet  Accreditation  Requirement* 

Use  this  manual  to  establish  training  materials  for  both  patient  and  caregiver  to  ensure  the  safe,  prop 
and  continued  use  of  the  prescribed  equipment.  Includes  emphasis  on  safety  precautions  for  the  use  c 
therapeutic  gases  and  equipment. 

This  manual  also  helps  you  document  caregiver  and  patient  competency  with  tearsheets  on  procedure 
both  the  patient  and  the  caregiver.  These  reduce  the  confusion  that  patient  and  family  can  experience 
talking  with  each  health  care  practitioner  they  encounter. 

Easily  adapted  for  use  in  any  alternate  care  s 
"""""""  DME  company  or  home  health  agency. 


General  Home  Care 

Standard  for  Providers  of  Respiratory  Home  Care; 
Patient/Client  Bill  of  Rights  and  Discficrge  Planning 

Routine  Respiratory  Care 

Disinfection  of  Home  Respiratory  Equipment;  Oxygen 
Therapy;  Oxygen  Delivery  Systems;  Aerosol  Therapy; 
Bland  Aerosol  Therapy;  Ultrasonic  Nebulizer; 
Intermittent  Positive  Pressure  Breathing;  Cleaning  and 
Disinfection  of  Aerosol  Therapy  Equipment; 
Bronchodilator  Metered  Dose  Inhaler;  Steroid  Metered 
Dose  Inhaler;  Peak  Flov/  Meters;  CPT,  Bronchial 
Drainage,  Percussion,  and  Vibration  Techniques; 
Cough;  Mucus  Clearance  Therapy;  and  caregiver  and 
patient  forms  for  Treatment,  Traveling  and  Daily  Care. 

Specialized  Respiratory  Care 

Suctioning;  tracheostomy  Care;  Nasal  CPAP/BiPAP 
and  Apnea  Monitoring 

Mechanical  Ventilation 

Mechanical  Ventilation;  Home  Environment 
Assessment,  Humidification — Mechanical  Ventilation; 
Mechanical  Ventilation  Settings  Form;  Daily  Care 
Forms;  Skills  Checklist;  Negative  Pressure  Ventilation; 
Negative  Pressure  Ventilation  Check  list  and  Pediatric 
Ventilation. 

Ancillary  Care 

Activities  for  Daily  Living;  Energy  Conservation 
Techniques;  and  Nutrition. 


Published  by  the  Pennsylvania  Society 
for  Respiratory  Care 

Item  BK3-AHC  $150.00 

(Members  $79.95  -  Save  $75.00) 
Plus  $9.50  for  Shipping  and  Handling 

Texas  8.25%  Sales  Tax 

Order  Online  at  http://store.yahoo.com/aar 
Call  (972)  243-2272 
Fax  (972)  484-2720 

Purchase  Order,  MasterCard,  Visa  Accepted 
Daedalus  Enterprises,  Order  Desk, 
P.O.  Box  29686,  Dallas,  TX  75229 


FREE 


Get 


'Medical  Documentation  for  Home  Co 
Free  >vith  Purchase. 

Audiotape  lecture  by  Greg  Sprott,  RRT,  describes  the  importoi 
documentation  required  for  home  respiratory  care  providers. 
Discusses  specific  equipment  used  in  the  home. 

Enter  item  PAD91 13-F  on  Your  Order. 


News  releases  about  new  pnxluL-Is  and  services  will  be  considered  for  publication  in  this  section. 

There  is  no  charge  (or  ihese  Ustings.  Send  descriptive  release  and  glossy  black  and  while  photographs 

to  RHSPIRATORY  CaRI;.  New  Products  i;  Services  Dept.  1 1030  Abies  Lane.  Dallas  TX  75229-4593. 

The  Reader  Service  Card  can  be  found  at  the  back  of  the  Journal. 


New  Products 
&  Services 


Disposable  Mask.  V  lASYS  Healthcare 
introduces  the  HiOx'*".  which  they  de- 
scribe as  a  new  technology  oxygen  deliv- 
ery system  and  the  only  disposable  mask 
capable  of  delivering  >80'7f  oxygen  at 
only  8  L/min.  This  technology  was  de- 
signed to  meet  the  needs  of  post-op  pa- 
tients for  infection  and  nausea  reduction, 
according  to  the  manufacturer.  VIASYS 
states  that  delivering  high  Fio,  at  one-half 
to  one-third  the  flow  of  otherdevices  has 
implications  for  hospitals  and  field  appli- 
cations where  oxygen  resources  are  limit- 
ed by  tanks  or  fiow .  For  more  information 
from  VIASYS  Healthcare,  circle  number 
192  on  the  reader  service  card  in  this 
issue,  or  send  your  request  electronically 
via  "Advertisers  Online"  at  http://www. 
aarcorgliuyersguidc 


Whistle  Watch",  an  affordable  peak  fiow 
monitor  that  enables  parents  to  effectively 
monitor  their  children's  asthma,  accord- 
ing to  the  manufacturer.  Ulster  Scientific 
Inc  claims  that  regular  use  of  the  Kid/- 
Med  Whistle  Watch  is  especially  helpful 
in  monitoring  the  use  of  prescription  asth- 
ma medication  for  younger  children  and 
results  in  belter  asthma  management  and 
reduced  medication  use  and  hospital 
costs.  The  company  says  this  device  is 
easy  to  use:  after  taking  a  deep  breath,  the 
patient  blows  as  hard  as  possible  into  the 
mouthpiece  of  the  monitor.  If  a  whistle 
sound  is  heard,  the  asthma  is  under  con- 
trol. If  the  patient  cannot  produce  a  whis- 
tle, asthma  treatment  recommended  by 
the  doctor  or  other  health  care  profession- 
al should  be  followed.  For  more  informa- 
tion from  Ulster  Scientific,  circle  number 
193  on  the  reader  service  card  in  this 
issue,  or  send  your  request  electronically 
via  "Advertisers  Online"  at  http://www. 
aarcors/buyers  guide 


Peak  Flow  Monitor.   Ulster  Scientific 
Inc,  has  introduced  its  new  Kidz-Med 


Medical  Pocket  Light.  The  Sabre  Free- 
Hand  High  Intensity  Medical  Pocket 
light,  being  introduced  by  Sabre  Medical 
Instruments  LLC.  features  a  bright  6,0()() 
candlepower  lamp  with  a  clear  lens  and  a 
universal  adapter  that  can  hold  a  standard 
tongue  blade  and/or  a  culture  swab  to  per- 
mit one-handed  examinations.  According 
to  the  manufacturer,  the  product  is  made 
of  high-impact  plastic  and  the  light  is  wa- 
terproof anil  can  be  cleaned  using  cold 


slerili/ation  lechniques.  It  runs  on  2  AAA 
batteries.  Optional  accessories  include 
disposable  stainless  steel  and  nylon  illu- 
minated ceruirien  removal  loops  that 
eliminate  the  need  for  additional  light 
sources  and  allow  one-handed  ear  treat- 
ments. For  more  information  from  Sabre 
Medical  Instruments,  circle  number  194 
on  the  reader  service  card  in  this  issue,  or 
send  your  request  electronically  via  "Ad- 
vertisers Online"  at  http;//www. aarc.org/ 
buyers  uuide/ 


Therapeutic  Breathing  Device.  Inter- 
Cure  Inc  has  announced  FDA  clearance  to 
sell  their  therapeutic  device,  RESPeRATE. 
over  the  counter.  This  battery-operated  de- 
vice is  designed  to  help  patients  with 
breathing  exercises  designed  to  lower 
blood  pressure.  According  to  the  manufac- 
turer, the  device  analyzes  patients'  breath- 
ing patterns  and  instantly  composes  per- 
sonalized musical  tones  to  guide  breathing 
exercises.  Users  place  an  elastic  belt  with  a 
respiration  sensor  around  their  torso, 
abiwe  their  clothing,  and  wear  standard 
headphones.  RESPeRATE  automatically 
analyzes  the  user's  breathing  rale  and  pat- 
tern and  then  interactively  guides  the  user 
through  a  therapeutic  breathing  exercise 
that  slows  the  breathing  from  a  normal  rate 
of  14-18  breaths  per  minute  to  the  "thera- 
peutic zone"  of  less  than  10  breaths  per 
minute  with  prolonged  exhalation,  accord- 
ing to  InlerCure.  For  more  information 
from  InterCure  Inc.  circle  number  195  on 
the  reader  service  card  in  this  issue,  or  send 
your  request  electronically  via  "Advertis- 
ers Online"  at  http://www.aarc.org/ 
buycrsguide/ 


RESPIRATORY  CARE  •  NOVEMBER   2002  VOL  47  NO  1 1 


1349 


Notices 


Notices  olcompclilions,  scholarships,  fellowships,  examinalion  dates,  new  educational  programs. 

and  the  like  will  be  listed  here  free  of  charge.  Items  for  the  Notices  section  must  reach  the  Journal  61)  days 

liefore  the  desired  month  of  publication  (January  I  for  the  March  issue.  February  I  for  the  April  issue,  etc).  Include  all 

pertinent  information  and  mail  notices  to  RRSPIRATORY  CARE  Notices  Oepl.  I  WV)  Abies  Lane,  Dallas  TX  75229-4591. 


T^tyuttcti-  2003 


#1  Weaning  the  Long-Term  Ventilator  Dependent 

Patient  —  David  J  Scheinhorn  MD/David  J  Pieison  MD 

FAARC 

Live  Marcii  I  1;  Audio  Apiil  \^ 

#2  Management  of  Pediatric  ARDS  —  Michael 
Anderson  MD/Tiniotiiy  R  Myers  RRT 
Live  April  8:  Audio  May  13 

#3  Implementing  Protocols:  What  Have  We  Learned 
About  Being  Succes.sful?  — Richard  M  Ford  RRT 
FAARC/Sam  Giordano  MBA  RRT  FAARC 
Live  May  6;  Audio  June  10 

#4  Improving  Patient  Safety  in  Acute  Care  Hospitals: 
What  Do  Respiratory  Therapists  Need  to  Know?  — 

Karen  J  Stewart  MS  RRT/Kevin  Shrake  MA  RRT 

FAARC 

Live  June  3;  Audio  July  8 

#5  Legal  Issues  that  Impact  the  Practice  of  Respiratory 

Therapists— Anthony  Dew  ill  JD  RRT  FAARC/ 
Sam  Giordano  MBA  RRT  FAARC 
Live  August  12;  Video  Scptemher  16 

#6  Asthma  Disease  Management:  What's  New  and 

How  Is  It  Working?  —  Thomas  J  Kallstrom  RRT 
FAARC/Tinnithy  R  Myers  RRT 
Live  September  9;  Video  October  14 

#7  Sedation  and  Paralysis  in  the  Mechanically 
Ventilated  Patient  —  William  E  Huiford  MD/Dean  R 
Hess  PhD  RRT  FAARC 
Live  October  7;  Video  November  7 

#8  Hlood  Cases:  Doing  It  Right  from  Collection 
Through  Analysis  — Car!  D  Moltiam  RRT  RPFT/ 
Richard  D  Branson  RRT  lAARC 

Live  November  4;  Video  December  2 


Hi    Helpful  UJeb.Sites 

American  Association  for  Respiratory  Care 

http://ww\v.. iarc.org 

—  Current  job  listings 

—  American  Respiratory  Care  Foundation 
fellowships,  grants,  &  awards 

—  Clinical  Practice  Guidelines 

National  Board  for  Respiratory  Care 

h  1 1  p  -J  I  www .  ii  b  re .  o  rg 

RESPIRATORY  CARE  online 

http://www.rcjournal.com 

—  Subject  and  Author  Indexes 

—  Contact  the  editorial  staff 

—  Open  forum-,  submit  your  abstract  online 

Asthma  Educator  -  Certified  (AE-C) 

http://www.naecb.org 

Asthma  Management 
Model  System 

http://www.nhlbi.nih.gov 

Keys  to  Professional  Excellence 

http://www.aarc.org/keys/ 

Committee  on  Accreditation  for  Respiratory  Care 

http://www.coarc.com 


The  National  Board  for  Respiratory  Care — 
Examination  Fees  for  2()()2/2603 


Examination 

CRT 

Perinalal/Pediatric 
CPFT 
RPFT 


Examination  Fees 

$190  (new  applicant) 
$150(reapplicant) 

$250  (new  applicant) 
$220(reapplicant) 

$200  (new  applicant) 
$170(reapplicant) 

$250  (new  applicant) 
$220(reapplicant) 


RRT  SI 90  (new)  $150  (reapplicant)  written  onl\ 

(Written  $200  (new  and  reapplicant)  CSL  only 

&  CSE)  $390  (new)  $350  (reapplicant)  both 

l-or  iiiforiiKilioii  abinil  other  ser\  ices  or  tees,  write  to  tlie 

Naliontil  Board  for  Respiratory  Care. 

S.'^IO  Niciiian  Road.  Lenexa  KS  662 1 4.  or  call 

(t)  1 3 )  5W-42()().  FAX  ( 9  L^ )  .s4 1  -0 1  .^6. 

or  e-mail:  nhrc-iiifoCo'iibic.ori; 
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MEMBERSHIP  APPUCATiOH 


ACTIVE  MEMBER 

An  individual  is  eligible  if  he/she  lives  in  the  US  or  its  territories  or  was  an  Active  Membet 
prior  to  moving  outside  its  borders  or  territories,  ond  meets  ONE  of  the  following  criteria  (1) 
IS  leqolly  credentioled  as  a  respirotory  core  professional  if  employed  in  a  state  that 
mandates  such,  OR  (2)  is  a  graduate  of  an  accredited  educational  program  in  respirotory 
core,  OR  [31  holds  a  credential  issued  by  the  NBRC 

ASSOCIATE  OR  SPECIAL  MEMBER 

Individuals  who  hold  a  position  related  to  respiratory  core  but  do  not  meet  the  requirements 
of  Active  Member  shall  be  Associate  Members,  They  hove  oil  the  rights  and  benefits  of  the 
Association  except  to  hold  office,  vote,  or  serve  as  choir  of  a  standing  committee.  The 
following  subclasses  of  Associate  Membership  ore  available:  Foreign,  Physician,  and 
Industrial  (individuals  whose  primary  occupation  is  directly  or  indirectly  devoted  to  the 
manufacture,  sole,  or  distribution  of  respiratory  core  equipment  or  supplies).  Special 
Members  are  those  not  working  in  a  respiratory  core-related  field 

STUDENT  MEMBER 

Individuals  will  be  classified  as  Student  Members  if  tfiey  meet  all  tfie  requirements  for 
Associote  Membersfiip  and  are  enrolled  in  an  educotionol  program  in  respiratory  core 
occredited  by,  or  in  tfie  process  of  seeking  accreditation  from,  on  AARC-recognized  agency 

SPECIAL  NOTICE  —  Student  Members  do  not  receive  Continuing  Respiratory  Care 
Education  [CRCE)  transcripts.  Upon  completion  of  your  respiratory  core  education, 
continuing  education  credits  may  be  pursued  upon  your  reclassification  to  Active  or 
Associate  Member. 


Please  read  the  eligibility  requirements  for  each  of  the  classifications 
above,  then  complete  the  form.  All  information  requested  must  be 
provided,  except  where  indicated  as  optional.  See  other  side  for  more 
information  and  fee  schedule.  Please  sign  and  date  application  on  reverse 
side  and  type  or  print  clearly.  Processing  of  application  takes 
approximately  15  days. 

D  Active 
Associate 

D   Foreign 

D   Physician 

n   Industrial 
D  Special 
D  Student 

Last  Name 


First  Name 


Social  Security  No. 
Home  Address 


Would  you  like  to  receive  our  monthly  newsletter,  AARC  Report 
by  email? 

Li  Yes  D  No 

Have  you  ever  been  or  are  you  currently  in  the  military? 

U  Yes  D   No 

Demographic  Questions  (optional) 

We  request  that  you  answer  these  questions  in  order  to  help  us  design 
services  and  programs  to  meet  your  needs. 

Primary  Job  Responsibility  (check  one  only) 

n  Director  (Technical  or  Program)  i  i   Therapist/Technician 

D  Supervisor  I  I   Medical  Director 

n  Diagnostic  Technologist  I  !   Student 

D  Instructor/Educator  Staff  Nurse 

n  Other,  specify 


Type  of  Business 

n   Educational  Institution 
D   DME/HME 
D   Home  Health  Agency 
D   Hospital/Acute  Care 
D   Other,  specify 


Manufacturer  or  supplier 
Outpatient  Clinic 
Physician  office 
Skilled  Nursing  Facility 


Check  the  Highest  Degree  Earned 

D   High  School  .   Bachelor's  Degree 

□   RC  Graduate  Technician  [  I   Master's  Degree 

D   Associate  Degree  H   Doctorate  Degree 

Number  of  Years  in  Respiratory  Care 

D  0-2  years  D    11-15  Years 

n   3-5  years  D    16  years  or  more 

n   6-10  years 


Job  Status 


D   Full  Time 


D   Part  Time 


City. 


State 


.Zip 


Phone  No. 


You  are  automatically  assigned  to  a  state  society  based  on  your  home 
address.  If  you  wish  to  be  assigned  to  a  different  state  society,  please 
indicate  which  state  that  is  here: 

Work  Information: 


Credentials 

D  RRT 
D  CRT 
D   Physician 
D  CRNA 
D  RN 

Date  of  Birth  


n  LVN/LPN 

D  CPFT 

D  RPFT 

n  Perinatol/Pediatric 


Sex 


Place  of  Employment 

FOR  STUDENT  MEMBER  -  REQUIRED 

School/RC  Program 

Address 

Citv 

State                             Zip 

Phone  No.  (                     ) 

Address 

Citv 

State                             Zip 

Preferred  Fax  No.( 

1 

Phone  No.  (                     1 

Expected  Date  of  Graduation  (required  information) 

Month                          Year 

Preferred  Email  Address 
Preferred  mailing  address: 

Home          n   Business 

American  Association  for 

Respiratory  Care  •  11030  Abies  Lane 

Dallas,  TX  75229-4593  •  [972]  243-2272  •  Fax  [972]  484-2720 

American  Association  for  Respiratory  Care  MEMBEt^SHtP  ARPLKCATtO^ 


Membership  Fees 

Payment  must  accompany  your  application  to  the  AARC.  Fees  are 
for  12  months.  These  fees  contain  the  $12.50  new  members 
processing  fee.  Renewing  members  (except  students]  can  deduct 
$12.50. 

CHOOSE  ONE  LEVEL  OF  MEMBERSHIP 

AARC  REGULAR  MEMBERSHIP  (Receive  both  AARC  Times  and 

Respiratory  Care  journal) 

G  Active  $102.50 

D  Associate  (Industrial  or  Physician)  $102.50 

D   Associate  (Foreign)  $117.50 

D  Special  $102.50 

n  Student  $  50.00 

Of? 

AARC  CHOICE  MEMBERSHIP(Choose  one  publication) 

G   Active  $  91.00 

D   Associate  (Industrial  or  Physician]  $  91.00 

D   Associate  (Foreign]  $106.00 

D   Special  $  91.00 

I  wont  □   AARC  Times  D   Respiratory  Care  journal 


OR 

AARC  PLUS  MEMBERSHIP  (All  publications  and  other  items) 

U  Active  $137.50 

n   Associate  (Industrial  or  Physician)  $137.50 

D   Associate  (Foreign)  $177.50 

n  Special  $137.50- 

(Includes  one  free  section  -  please  mark  choice  below.) 


Specialty  Sections  (optional) 

Established  to  recognize  the  specialty  areas  of  respiratory  core, 
these  sections  publish  a  newsletter  four  times  a  year  that  focuses  on 
issues  of  specific  concern  to  that  specialty.  The  sections  also  design 
the  specialty  programming  at  the  national  AARC  meetings. 


n   Adult  Acute  Care  Section 
D  Education  Section 
n   Perinatal-Pediatric  Section 
n   Diagnostics  Section 
n  Continuing  Care- 
Rehabilitation  Section 
n  Management  Section 
D  Transport  Section 
D  Home  Care  Section 
D   Subacute  Care  Section 


$15.00- 
$20.00 
$15.00 
$15.00 

$15.00 
$20.00 
$15.00 
$15.00 
$15.00- 


PLEASE  SIGN 

I  hereby  apply  fo(  membership  in  the  Amencon  Associotion  for  Respiratory  Care 
and  hove  enclosed  my  dues  If  approved  for  membership  in  the  AARC,  I  v/ill 
abide  by  its  bylaws  and  professional  code  of  ethics  I  authorize  investigotion  of 
all  slotements  contoined  herein  and  understand  that  misrepresentations  or 
omissions  of  focts  called  for  is  cause  tor  rejection  or  expulsion. 

A  yearly  subscription  to  RESPIRATORY  Care  journal  and  AARC  Times  magazine 
includes  on  ollocation  of  $1 1  50  from  my  dues  for  each  of  these  publicotions. 

NOTE:  Contributions  or  gifts  to  the  AARC  are  not  tax  deductible  as  ct^arilable 
contributions  for  income  tax  purposes.  However,  tfiey  may  be  lax  deductible  as 
ordinary  and  necessary  business  expenses  subject  to  restrictions  imposed  as  a 
result  of  association  lobbying  activities.  The  AARC  estimates  that  the 
nondeductible  portion  of  your  dues  —  the  portion  which  is  allocable  to  lobbying 

—  .5  26'a 


Signature 
Date 


TOTAL  MEMBERSHIP  FEE   $_ 


TOTAL  SECTION  FEE         $. 


GRAND  TOTAL  =  Membership  Fee 

plus  optional  sections 


Total  Amount  Enclosed  $ 


Please  charge  my  dues  (see  below) 
To  charge  your  dues,  complete  the  following: 
Lj   MasterCard 
n  Visa 

Card  Number 


Card  Expires /_ 


Signature 


Mail  application  and  appropriate  fees  to: 
American  Association  for  Respiratory  Care  •  11030  Abies  Lane  •  Dallas,  TX  75229-4593  •  [972]  243-2272  •  Fax  [972]  484-2720 
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Manuscript  Preparation  Guide 


RHSI'IRA  roK"!'  CAR!-:  welcomes  original  niaiiiiscripls  ivlaled  lo  the  sci- 
ence luid  technology  ot  respiialon'  care  and  prepared  according  to  the 
following  instructions  and  tlie  Uinfuriii  Rc'iji(irciiiciil\  for  Manuscripts 
Siihmlncd  lo  Hioiucdhal  Journals  (available  at  lutp:/Av\s\\:icmje.(>rg/ 
iiuie.x.tunil).  Manuscripts  are  blinded  and  re\  ievved  by  profession- 
als with  experience  in  the  subject  of  the  paper.  Authors  are  respon- 
sible for  obtaining  v\ritten  permission  from  the  original  copyright  hold- 
er to  use  pre\  ionsl_\  published  figures  and  tables.  Before  publication. 
authors  receiv  e  page  proofs  and  are  allowed  to  make  only  minor  cor- 
rections. Accepted  manuscripts  are  copy-edited  for  clarity,  concision, 
and  consistency  with  RESPIR.-\TORY  Care's  format.  Published 
papers  are  copy  nghted  b>  Daediiius  Inc  and  may  not  be  published  else- 
where without  pemiission.  Editorial  consultation  is  available  at  any 
stage  of  planning  or  writing:  contact  the  Editorial  Office.  600  Ninth 
Avenue.  Suite  702.  Seattle  WA  98104.  (206)  223-0558.  fax  (206) 
223-056.'^.  E-mail:  rcjoumaiCa  aarc.org 

Categories  of  Articles 

Research  Article:  A  report  of  an  original  investigation  (a  sMdy ).  Must 
include:  Title  Page.  Abstract,  Key  Words.  Introduction,  Methods, 
Results,  Discussion,  Conclusions,  and  References.  May  also  include: 
Tables,  Figures  (if  so,  must  include  Figure  Legends!,  Acknowledg- 
nients,  and  .Appendi.xes. 

Review:  A  comprehensive,  critical  review  of  the  literature  and  state- 
of-the-art  summary  of  a  topic  that  has  been  the  subject  of  at  least  40 
published  research  articles.  Must  include:  Title  Page,  Outline, 
Abstract.  Key  Words.  Introduction.  Review  of  the  Literature.  Sum- 
mary, and  References.  May  also  include:  Tables.  Figures  (if  so.  must 
include  Figure  Legends).  Acknowledgments,  and  Appendixes. 

Overview:  A  critical  review  of  a  pertinent  topic  that  has  fewer  than 
40  published  research  articles.  Same  structure  as  Review  Article. 

Update:  A  report  of  subsequent  developments  in  a  topic  that  has  been 
critically  re\  iewed  in  RESPIRATORY  CARE  or  elsewhere.  Same  struc- 
ture as  a  Review  Article. 

Special  Article:  A  pertinent  paper  not  fitting  one  of  the  other  cate- 
gories. Consult  with  the  Editor  before  w  riting  or  submitting  such  a 
paper. 

Editorial:  A  paper  addressing  an  issue  in  the  practice  or  administration 
of  respiratory  care.  Itmay  present  an  opposing  opinion,  clarify  a  posi- 
tion, or  bring  a  problem  into  focus. 

Letter:  A  brief,  signed  communication  responding  to  an  item  puh- 
hshed  in  Respiratori'  Care  or  about  other  pertinent  topics. 
Tables,  Figures,  and  References  may  be  included.  The  letter  should 
be  marked  "For  Publication." 


Case  Report:  Report  of  an  uiicommoii  clinical  case  or  a  new  or 
impid\  eti  methixi  ol  iiumagemcnt  or  Ircatment.  A  case-managing  physi- 
ci;ui  must  either  be  an  author  i  ii  I  iimisli  a  letter  approving  the  manuscript. 
Must  include:  Title  Page,  Abstract,  Key  Words,  Introduction.  Case 
Summ;iry.  Discussion,  and  References.  May  also  include:  Tables,  Fig- 
ures (if  so.  must  include  Figure  Legends),  and  Acknowledgments. 

Point-of-View:  A  paper  expressing  personal  but  substantiated  opinions 
on  a  pertinent  topic.  Must  include:  Title  Page.  Text,  and  References.  May 
also  include:  Tables  and  Figures  (if  so,  must  include  Figure  Legends), 

Drug  Capsule:  A  miniature  rev  iew  paper  about  a  dixig  or  class  of  drugs. 
Dmg  Capsules  address  ph;u"macok)gy.  phiirmacokinetics.  and/or  phar- 
macotherapy. 

Graphics  Corner:  A  briel".  instinctive  case  report  discussing  and  illus- 
trating wavefonns  for  monitoring  or  diagnosis.  Must  include:  Ques- 
tions. Answers,  and  Discussion. 

PFT  Comer:  A  brief,  instructive  case  report  arising  from  pulmonary 
function  testing,  accompanied  by  a  review  of  the  relevant  physiolo- 
gy and  appropriate  references  to  the  literatiire.  Must  include:  Ques- 
tions, Answers,  and  Discussion. 

Test  Your  Radiologic  Skill:  A  brief,  instnictive  case  report  pertinent 
to  respiratory  care  and  involv  ing  imaging,  including  one  or  more  radio- 
graphs or  other  images  submitted  as  black  ;md  white  glossy  photographs 
that  clearly  illustrate  the  teaching  points  being  made.  Must  include: 
Questions,  Answers,  and  Discussion. 

Preparing  the  Manuscript 

Double-space  the  text  and  number  the  pages.  Do  not  include  author 
names,  author  institutional  affiliations,  or  allusions  to  institutional  affil- 
iations anywhere  except  on  the  title  page.  On  the  Abstract  page  include 
the  title  but  do  not  include  author  names.  Begin  each  of  the  follow- 
ing on  a  new  page:  Title  Page.  AbsU'act.  Text.  Acknt)vv  ledgments.  Ref- 
erences, each  Table,  each  Figure,  and  each  Appendix.  Use  standard 
English  in  the  first  person  and  active  voice.  Type  all  headings  in  ini- 
tial-capital letters  (eg.  Introduction.  Methods.  Patients.  Equipment. 
Statistical  Analysis.  Result.s.  Discussion).  Center  the  main  section  head- 
ings and  place  second-level  headings  on  the  left  margin. 

Abstract.  Please  ensure  that  the  abstract  does  not  contain  anv  facts 
or  conclusions  that  do  not  also  appe;u-  in  the  bcxly  text.  Limit  the  abstract 
to  no  more  than  250  words. 

Key  Words.  Include  a  list  of  6  to  10  key  words  or  key  phrases  in 
Research  Articles.  Reviews.  Overviews.  Special  Articles,  and  Case 
Reports.  Key  words  ;ire  best  selected  from  the  Medical  Subject  Head- 
ings (MeSH)  usetl  bv  MEDLINE  and  available  at  htlp://\\\\w.nlm.nih. 
i'ov/mL'sMncshhoinv.luml. 
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References.  Assign  reference  numbers  in  the  order  thai  articles  are 
cited  in  your  manuscript.  At  the  end  of  the  manuscript,  list  the  cited 
works  in  numerical  order.  Abbreviate  joumal  names  as  in  Index  Medi- 
ae. List  all  authors.  If  the  research  has  not  yet  been  accepted  for  pub- 
lication, cite  the  research  as  a  personal  communication  (eg. 
Smith  KR,  personal  communication,  2001 );  however,  you  must  obtain 
written  permission  from  the  author  to  cite  his  or  her  unpublished  data. 
Do  not  number  such  references;  instead,  make  parenthetical  reference 
in  the  body  text  of  your  manuscript.  Example:  "Recently,  Jones  et  al 
found  this  treatment  effective  in  45  of  83  patients  (Jones  HI,  personal 
communication.  2000). "' 


Corporate  author  book: 

American  Medical  Association  Department  of  Drugs.  AMA 
drug  evaluations.  .3rd  ed.  Littleton  CO:  Publishing  Sciences 
Group:  1977. 

Chapter  in  book  with  editor(s): 

Isono  S.  Upper  airway  muscle  function  during  sleep.  In:  Lough- 
lin  CM,  Carroll  JL,  Marcus  CL.  editors.  Sleep  and  breathing  in 
children:  a  developmental  approach.  (Lung  Biology  in  Health  and 
Disease,  Vol  147.  Claude  Lenfant,  Executive  Editor.)  New 
York/Basel:  Marcel  Dekker:  2000:261-291. 


The  following  examples  show  Respir.atory  Care's  style 
for  references. 

Paper  accepted  but  not  yet  published: 

Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Article  in  a  joumal  canying  pagination  throughout  the  volume: 
Legere  BM,  Kavuru  MS.     Pulmonary  function  in  obesity. 
Respir  Care  2000;45(8):967-968. 

Article  in  a  publication  that  numbers  each  issue  beginning  with  Page  1 : 
Kallstrom  TJ.  Focus  on  asthma — disease  management:  a  role  for 
the  respiratory  therapist.  AARC  Times  1999:23(Oct):16,  17,  19. 

Corporate  author  journal  article: 

American  Association  for  Respiratory  Care.  Clinical  Practice 
Guideline.  Removal  of  the  endotracheal  tube.  Respir  Care 
1999;44(l):85-90. 

Article  in  joumal  supplement:  (Journals  differ  in  numbering  and  iden- 
tifying supplements.  Supply  infomiation  sufficient  to  allow  retrieval.) 
Barnes  PJ.  Endogenous  inhibitory  mechanisms  in  asthma.    Am 
J  Respir  Cnt  Ciu-e  Med  2000:  161(3  Pt  2):S176-S181. 

Abstract  in  joumal:  (Abstracts  citations  are  to  be  avoided,  and  those 

more  than  3  years  old  should  not  be  cited. ) 

Volsko  TA,  De  Fiore  J,  Chatbum  RL.  Acapella  \  s  flutter:  per- 
formance comparison  (abstract).  Respir  Care  2000;45(8):991. 

Editorial  in  a  joumal: 

Giordano  SP.  What's  that  sound?  (editorial)  Respir  Care 
2000;45(10):1 167-1 168. 

Editorial  with  no  author  given: 

The  perils  of  paediatric  research  (editorial).  Lancet 
1999:353(9154):685. 

Letter  in  joumal: 

Piper  SD.  Testing  conditions  for  nebulizers  (letter).  Respir  Care 

20(X):45(8):971. 


Worid  Wide  Web 

American  Lung  Association.  Trends  in  pneumonia,  influenza,  and 
acute  respiratory  conditions  mortality  and  morbidity.  Febmary,  2000. 
http://www.lungusa.org/data.  Accessed  November  20,  2(XX). 

Tables.  Tables  should  be  consecutively  numbered.  At  the  bottom 

of  the  table  define  and/or  explain  all  abbreviations  and  symbols  used 
in  the  table.  For  footnotes  use  the  following  symbols,  superscripted, 
in  the  table  body,  in  the  following  order:  *,  t,  t.  §,  ||.  1,  **.  tt.  If 
data  include  a  "±'"  value,  please  indicate  whether  the  \'alue  is  a  stan- 
dard deviation  or  standard  error  of  the  mean. 

Figures  (illustrations).  Figures  include  graphs,  line  drawings,  pho- 
tographs, and  radiographs.  All  figures  should  be  sharp  black-and- 
white  images  and  be  camera-ready.  Glossy  prints  are  preferred,  but 
a  good  laser  print  will  do.  Use  only  illustrations  that  clarify  and  aug- 
ment the  text.  Radiographs  should  clearly  illustrate  the  point  being 
made  and  should  be  submitted  as  black-and-white  glossy  photographs. 
If  color  is  essential  to  the  figure,  consult  the  Editorial  Office  for 
more  information.  In  reports  of  animal  experiments,  use  schemat- 
ic drawings,  not  photographs.  A  letter  of  consent  must  accompa- 
ny any  photograph  of  an  identifiable  person.  Number  figures  con- 
secutively as  Figure  1,  Figure  2,  etc.  All  the  figures  must  be  mentioned 
in  the  text.  Every  figure  must  have  a  legend  (a  title  and/or  descrip- 
tion explaining  the  figure).  Figure  legends  should  appear  as  sep- 
arate paragraphs  at  the  end  of  the  manuscript  (after  the  References 
section),  in  the  same  computer  tile  as  the  manuscript  (not  in  a  sep- 
arate file,  as  with  the  tables  and  figures). 

Do  not  create  scanned  versions  of  figures  borrowed  from  other  pub- 
lications: clear  photocopies  are  preferable.  To  include  figures  pre- 
viously published  in  other  publications  you  must  obtain  permission 
from  the  original  copyright  holder.  Figures  must  be  of  professional 
quality  and  a  copy  of  the  article  from  which  the  figure  came  should 
be  available. 

Drugs.  Precisely  identity  all  dmgs  and  chemicals  used,  giving  gener- 
ic (nonproprietary)  names,  doses,  and  methods  of  administration. 
Brand  or  trade  names  may  be  given  in  parentheses  after  generic 
names. 


Book:  (For  any  book,  specific  pages  should  be  cited  whenever  ref- 
erence is  made  to  specific  statements  or  other  content.) 

Cairo  JM.  Pilbcani  SP.  Mosby's  respirator^'  care  equipment.  6th 

ed.  St  Louis:  Mosbv;  1999:76-85. 


Commercial  Products.  In  the  text,  parenthetically  identify  com- 
mercial products  only  on  first  mention,  giving  the  manufacturer's 
name  and  location.  Example:  "We  perfomied  spirometry  ( 1085  Sys- 
tem. Medical  Graphics.  Minneapolis,  Minnesota)."  Provide  model 
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numbers  if  available,  and  manufacturer's  suggested  pnee  ilthe  study 
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Permissions:  You  must  obtain  written  permission  to  use  pictures 
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is  most  often  held  b\  the  journal  or  book  in  w  hich  the  figure  or  table 
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text  or  illustrations.  When  reporting  experiments  on  animals,  indicate 
that  the  institution's  policy,  a  national  guideline,  or  a  law  on  the  care 
and  use  of  laboratory  animals  w  as  followed. 

Statistics.  Identify  the  statistical  tests  used  in  analyzing  the  data  and 
give  the  prospectively  determined  le\el  of  significance  in  the  Meth- 
ods section.  Report  p  values  in  the  Results  section.  Cite  only  textbook 
and  published  article  references  to  support  choices  of  tests.  Paren- 
thetically identify  any  computer  programs  used.  If  data  include  a  "±" 
value,  please  indicate  w  hether  the  value  is  a  standard  de\  iation  or  stan- 
dard error  of  the  mean. 

Units  of  Measurement  Express  all  measurements  in  SI  (Sysleme  Inter- 
nationale) units  (units  and  conversion  factors  listed  at  Respir  Care 
1997;42(6):640  and  also  available  at  http://www.rcjounud.com/ 
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liaison  or  financial  arrangement  they  have  with  a  nianutacturer  or 
distributor  whose  product  is  addressed  in  the  manuscript  or  w  ith  the 
manufacturer  or  distributor  of  a  competing  product.  Such  arrange- 
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closed to  reviewers.  Reviewers  are  screened  for  possible  conflict  of 
interest. 

Abbreviations  and  Symbols.  Use  the  standard  abbre\  lations  and 
symbols  listed  at  Respir  Care  1 997 :42(6):637-642  (also  available 
at  http://www.rcjournal.com/author_fiuide/).  Do  not  create  new 
abbreviations.  Do  not  use  abbreviations  in  the  title  or  section  head- 
ings and  do  not  use  unusual  abbreviations  in  the  abstract.  Use  an 


abbreviation  only  if  the  term  occurs  4  or  more  lliues  in  the  paper. 
Parenthetically  define  tdl  abbreviations:  write  out  the  lull  term  on 
first  mention,  followed  by  the  abbreviation  in  parentheses. 
Example:  chronic  obstructive  pulmonary  disease  (COPD).  There- 
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The  Americiin  Association  tor  Respiratory  Care  and  its  sci- 
ence journal.  RisiMKATOR"*'  Cari;,  invite  siihniission  of  briet  ab- 
stracts related  to  any  aspect  of  cardiorespiratory  care.  The  ab- 
stracts will  be  reviewed,  and  selected  authors  will  be  invited  to 
present  posters  at  the  OPEN  FORUM  during  the  AARC 
International  Respiratory  Congress  in  Las  Vegas,  Nevada. 
December  8-11.  2003.  Accepted  abstracts  will  be  published  in 
the  November  200.^  issue  of  Respiratory  Care.  Membership 
in  the  AARC  is  not  required  for  participation.  All  accepted  ab- 
stracts are  automatically  considered  for  ARCF  research  grants. 

SPECIFICATIONS— READ  CAREFULLY! 

An  abstract  may  leport  ( 1 )  an  original  study.  (2)  the  evalua- 
tion of  a  method,  device  or  protocol,  or  (3)  a  ta.se  or  case  .se- 
ries. Topics  nia\  be  aspects  of  adult  acute  care,  continuing 
care/rehabilitation,  perinatology/pediatrics,  cardiopulmonary 
technology,  or  health  care  delivery.  The  abstract  may  have  been 
presented  previously  at  a  local  or  regional — but  not  national — 
meeting  and  should  not  have  been  published  previously  in  a  na- 
tional journal.  The  abstract  will  be  the  only  evidence  by  which 
the  reviewers  can  decide  whether  the  author  should  be  invited  to 
present  a  poster  at  the  OPEN  FORUM.  Therefore,  the  ahslract  nnisl 
provide  all  imporlciiU  data,  findings,  and  conclusions.  Give  spe- 
cific information.  Do  not  write  such  general  statements  as 
"■Results  will  be  presented"  or  "Significance  will  be  discussed." 

ESSENTIAL  CONTENT  ELEMENTS 

Original  study.  Abstract  nuisr  include  ( 1 )  Background:  state- 
ment of  research  problem,  question,  or  hypothesis;  (2)  Method; 
description  of  research  design  and  conduct  in  sufficient  detail  to 
permit  judgment  of  validity:  (3)  Results:  statement  of  research 
findings  with  quantitative  data  and  statistical  analysis:  (4) 
Conclusions:  interpretation  of  the  meaning  iif  the  results. 

Method,  device,  or  protocal  valuation.  Abstract  nnis!  ui- 
clude  ( 1 )  Background:  identification  of  the  method,  device,  or 
protocol  and  its  intended  lunction:  (2)  Method:  description  of  the 
evaluation  in  sufficient  detail  to  permit  judgment  of  its  objectivi- 
ty and  validity:  13)  Results:  findings  of  the  evaluation;  (4) 
Experience:  summary  of  the  author's  practical  experience  or  a 
lack  of  experience:  (5)  Conclusions:  interpretation  of  the  evalua- 
tion and  experience.  Cost  comparisons  should  be  included  where 
possible  and  appropriate. 

Case  report.  Abstract  miisl  report  a  case  that  is  uncommon  or 
of  exceptional  educational  value  and  must  include  (  I  ) 
Introduction:  relevant  basic  information  important  to  under- 
standing the  case.  (2)  Case  Summary:  patient  data  and  response, 
details  of  interventions.  (3)  Discussion:  content  should  rellcct  re- 
sults of  literature  review.  The  author(s)  should  have  been  actively 
involved  in  the  case  and  a  case-managing  physician  must  be  a  co- 
author or  must  approve  the  report 
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Accepted  abstracts  will  be  photographetl  and  redticed  by  40%; 
therefore,  the  size  of  the  original  text  should  be  al  least  1 0  pt)ints.  A 
font  like  Helvetica  or  Times  makes  the  clearest  reproduction.  The 
first  line  of  the  abstract  should  be  the  title  in  all  capital  letters.  Title 
should  explain  content.  Follow  title  with  names  of  all  authors  (in- 
cluding credentials),  institution(s).  and  location;  underline  presen- 
ter's name.  Type  or  electmnically  print  the  abstract  single  spaced  in 
one  paragraph  on  a  clean  sheet  of  paper,  using  margins  set  so  that 
the  abstract  will  lit  into  a  ho\  no  bigger  than  7.8"  120  cm)  by  5.4" 
1 1.^.6  cm),  as  shown  on  the  rewrse  of  this  page.  Margins  set  at  1.3" 
all  around  will  fit.  Insert  only  one  letter  space  between  sentences. 
Data  may  be  submitted  in  table  form,  and  simple  figures  may  be  in- 
cluded provided  they  fit  within  the  .space  allotted.  No  figure,  ilhistra- 
tum.  or  table  is  to  be  attached  to  the  abstract  fimit.  Provide  all  author 
intVtmiation  requested.  Standard  abbreviations  may  be  employed 
without  explanation;  new  or  infrequently  used  abbreviations  should 
be  spelled  out  on  first  use.  Any  recurring  phrase  or  expression  may 
be  abbreviated,  if  it  is  first  explained.  Check  the  abstract  for  ( 1 )  er- 
rors in  spelling,  grammar,  facts,  and  figures;  (2)  clarity  of  language; 
and  (3)  conformance  to  these  specifications.  An  abstract  not  pre- 
pared as  requested  may  not  be  reviewed.  Questions  about  abstract 
preparation  may  be  telephoned  to  Linda  Barcus  at  (4721 406-4667. 

ELECTRONIC  SUBMISSION 

We  encourage  electronic  submission.  Send  all  submissions  to  bar- 
cus@aarc.org.  They  will  be  acknowledged  immediately  via  retum  e- 
mail.  Mailed  confirmation  copies  are  not  necessary,  except  that  we 
ask  you  to  fax  a  hard  copy  of  your  abstract  so  we  can  check  it  for  ac- 
curacy against  the  electronic  version.  The  fax  number  is  972-484- 
6010  (marked  to  the  attention  of  Linda  Barcus).  Paper  size  should  be 
8..'>"  x  H"(approx21  x  28  cm).  with  all  4  margins  set  to  1.5"(approx 
4  cm).  Figures  &  Tables,  Save  the  text  portion  of  your  abstract  in  a 
Microsoft  Word  compatible  file  form;it.  Excel  is  preferred  for  any  ac- 
companying graphics.  If  you  do  not  have  an  Excel  compatible  format, 
save  your  graphics  as  TIFF  or  EPS  files.  Simply  renaming  a  file  with 
a  .tif  or  .eps  suffix  will  not  work.  Do  not  send  Lotus  files.  Please  send 
the  figure  as  an  attachment  separate  from  the  text.  We  can  reduce  it  to 
the  correct  size,  but  unless  you  send  the  figure  by  itself  all  we  will 
have  is  an  image  tliat  cannot  be  reproduced.  The  fax  copy  you  send 
will  show  us  the  exact  placement  and  size  of  the  figure.  Remember 
that  all  figures  and  tables  will  be  greatly  reduced  in  size,  so  keep  them 
simple  enough  to  be  readable. 

Deadline.  The  mandatory  Deadline  is  July  21,  2003  (post- 
mark). Authors  will  be  notified  of  acceptance  or  rejection  by  letter 
only.  These  letters  will  he  mailed  by  August  30.  2003. 
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Date 

AARC  &  State  Society  Programs 

Contact 

Dec.  7-8 

Asthma  Certification  Exam  Workshop:  Cleveland,  OH 

AARC,  (972)243-2272; 
www.aarc.org/education/meetings/admp_acew/ 

Dec.  10 

Professor's  Rounds  2002  Teleconference, 
High-Frequency  Oscillatory  Ventilation 

/V\RC,  (972)  243-2272 

Mar.  11,2003 

Professor's  Rounds  2003  Live  Videoconference, 
Weaning  the  Long-Term  Ventilator-Dependent  Patient. 
(Teleconference  on  Apr.  1 5) 

/\ARC,  (972)  243-2272 

April  3-4 

ASRG  Clinical  Conference  and  Leadership  Alabama 
meetings;  Gulf  Shores,  AL 

Bill  Pruitt,  (334)  434-3405, 
wpruitt@jaguar1  .usouthal.edu 

Apr.  4-6,  2003 

Patient  Assessment  Skills  Course,  Atlanta,  GA 

/\ARC,  (972)  243-2272 

Apr.  8,  2003 

Professor's  Rounds  2003  Live  Videoconference, 
Management  of  Pediatric  ARDS.  (Teleconference 
on  May  13) 

AARC,  (972)  243-2272 

May.  6,  2003 

Professor's  Rounds  2003  Live  Videoconference, 
Implementing  Protocols:  What  Have  We  Learned 
About  Being  Successful?  (Teleconference  on  June  10) 

/V\RC,  (972)  243-2272 

June  3,  2003 

Professor's  Rounds  2003  Live  Videoconference, 
Improving  Patient  Safety  in  Acute  Care  Hospitals:  What 
Do  RTs  Need  To  Know?  (Teleconference  on  July  8) 

AARC,  (972)  243-2272 

July  25-27,  2003 

Summer  Forum,  Orlando,  PL 

/\ARC,  (972)  243-2272 

Aug. 12,2003 

Professor's  Rounds  2003  Live  Videoconference, 
Important  Legal  Issues  that  Impact  the  Practice  of 
Respiratory  Care.  (Teleconference  on  Sept.  16) 

/\ARC,  (972)  243-2272 

Sept.  9,  2003 

Professor's  Rounds  2003  Live  Videoconference,  Asthma 
Disease  Management:  How  Is  It  Working  and  What's 
New?  (Teleconference  on  Oct.  14) 

/WRC,  (972)  243-2272 

Sept.  18-19 

ASRC  Annual  Conference  and  Exhibits;  Birmingham,  AL 

Bill  Pruitt,  (334)  434-3405, 
wpruitt@jaguar1  .usouthal.edu 

Oct.  7,  2003 

Professor's  Rounds  2003  Live  Videoconference, 
Sedation  and  Paralysis  in  the  Mechanically 
Ventilated  Patient. (Teleconference  on  Nov.  7) 

AARC,  (972)  243-2272 

Nov.  4,  2003 

Professor's  Rounds  2003  Live  Videoconference,  Blood 
Gases:  Doing  It  Right  from  Collection  Through  Analysis. 
(Teleconference  on  Dec.  2) 

/i^RC.  (972)  243-2272 

Dec.  8-11,2003 

AARC  International  Respiratory  Congress; 
Las  Vegas,  NV 

/V\RC,  (972)  243-2272 

Date 

Other  Meetings 

Contact 

Oct.  23-26,  2003 

Ninth  International  Home  Ventilation  Conference, 
Orlando,  PL 

IVUN,  (314)534-0475, 
www.post-polio.org/ivun 
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